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The author of this tmodksia jojourimilist and an ergireer. 
The book itself is a result of five years of fruitful 
cooperátenrbebetwmeen the autor and the investigators of 
the Vision Physiolsgy Labordooyy at the ГР. Pavlow 
Pihysidlogyliststitate of the (SSSRAAadelamy of Sciences at 
Кони, near Leningrad. Duringthiisitimthehe author has 
kept а Heeereysyendhethe advances of the Laboratoyy and 
covered thhenmnithethe mass media. 

Demiüdtowpprssets his case dlaawiggrothehe holographic 
hypotiiessis of the workimgs of the brain, which iieeuent 
years has loeenddevleloedcavtlyeby byemetiomtional аш 5$ 
(it is tobenateted, however, that this coweppt is sharctinnot 
by all the workers). Promineent amomgtltémse studies are 
comtilbutons of Soviet scientists, поі уааг the Pavilow 
Institute. Andssimeehhlslegrápliy asceeatieation of engineers, 
it is dlearwhlyy ome of them haadbeenbiblechtgedycaerdibasily 
to t&&kkédaeargng;iugitize Нофобощерсар р азаиирае5 зна the sea 
of evidemoe, which conithfadace of it seems ttobbeecsanpypy, 
but in fact demonstrates the profound unity of the 
matteritd! founilatbons of the worldlbbéforesus. 

Auniífàádd appreath to aggreat variety of prolilemsppald 
off splendiitiiy. Viewing fromtlthe same angle the iden- 
tification of visual images and “freaks” of fashions, the 
peroepüion of colour and the structure of individudl 
systems of the wisiadl tract, optiicdl illusioms and the shap- 
ing of the iinmer model of the wotid, Demidovwssucesssálilly 
finds explamatoons for “mystaiioss þpiphemomepna, and pro- 
poses plausiüblehhyokbtiseses. Amomngssukhevekitlations are, 
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for example, the lhypdthesis of the reasons teinnhdhehgages 
in fashions, the explamziiton of the “mystery” of the 
Penxose triangle, and of “рее pictures". The 
autlnarss view of the essence of abstracioons ап@ Не no- 
tiom of beauty is origamdl and curious. Also, Demidow 
comwündiind|ly develops the seemingly рагайохёга! thesis 
that optiicd! illusions are the manifestation of the 
айотаамс accuraoy of the functionogg of the visual ap- 
paratiss, the reflection of the conrectresss of the moddel of 
the world that has fonmediaas a result of man's past ex- 
perience. 

Clarity, readidhility and scientifiicriggouniare, undmuktedd- 
ly, the merits of the book. The literature used by the 
author includes works by fforamost autihotiteesomnisionon, 
both fromthhSGavieUhionon and abroatl. Demidowkknaws 
persondliynmsst of his persomggses; he wisiteddabaratiesies 
and  partüiijpaeddninxexpen&meents, and that is wihhhesisoso 
successfull in corvesymgithetatoapspieere of scientific seeacbh 
and adventuedrrihifafascitiapng and enlighteriimpaacoount. 

Written'iinaddaicdid and absatbingldaggamge, the book in- 
trodlueesunsotexextnedyely important fromtiess of neumgply- 
siology and psychellygy, cybenmeiiss and medicime, never 
lapsing innit uwgdgarization. The author draws liberally ооп 
notions from mamy sciences, gives felicitows, grapllitceex- 
amples, so thhat fromtlhe very ffrsst pages the reader will 
plunge imoghthebabsankingnbrid of discovery. Holography 
15 essentidlyya anatlathemadical рго ат, and so iit is all the 
more toahtheredadit of the author that he succeettedinnlidis- 
cussimgiit without fonmulas, using помкесћітніа! language. 

The Hisstoyy of the aaccmmiddtion of knowledge of visual 
percepiionisishthe histony of strugglesbeeiweenscicizmce and 
idealism. The results of modern scientific researdhhiave 
repeatethy suppottdd the maateriliistichehissis that nature is 
cogmizaiiite іп а its aspects, includimgssuch compllicated 
ones as wiiion and thürikimg. In Шац of the "souil^, science 
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suggests eiectradieenmioh! processes in meupnnmateterüsks of 
the lbrain, remariaititefdor their perfection. As expatinen- 
tal techmiqunss become ever more sophisticated, we сап 
prabe ever deeper into the substance of matter. Man's 
knowledge of his ownsséff grows, he umuaebis mysteries 
before уже mysteries of the oveeamrahsbspapalmale. 
Andaat the same time, the language of science lmeconess 
more essóeteric, science spllitsiitacvever nanmower disciplines 
with thke result that scientists now Haaeblyuudedetstaniüe the 
problems dealt with lyytltheir colleagues beyond the walls 
of their own litboratoyy. With inffonmationmnowdilling as 
it does, scientific pappidavizdtion, especially ormessmmmariz- 
ing addwanees in retdatddlodounains, becomes indispensable 
these days. Not infrequerttyyththe scientist derives much 
valuable infommtion from such readable accounts. 
Demidov5sbbobks isnene of the mest successful attemyitstóo 
expose tthetigġht intenplay of results ffromaavwidwararigty of 
fields of learning. Furühermore Demidow relates these 
findimgs to problems of vital interest for literally ceeveyy 
humanbbeigg. The bootksia агат comlbimation of the 
insight of assdientsst and the lively, prowolkingsstkle of a 


man of letters. 
Academician О Не gsGrazdick o 


I want in everthing tootavoaich 
i The weary geomd. 


B. Pastennmdk 


... Before myesyss, or rather before myriġġht eye, because 
my lift eye Haas been covered by aa black ррарег patch, 
througihaahhldésisessen ИЗВНЕ rectangle with canooratetet- 
work of thim wavy limes. A оК, the lines have dissqp- 
peared, for a fleeting moment a small white square 
flashes, and aggamtitheniateverelmtmeppeppear. 

“Well, what have youssead?" 

“Мейир”! $asa&ohestegtl y. 

"Right. As expected. And mow?” 

Another click. This time iit seems tonméhthat I see tthe 
contour of somethüng wiithfdour legs.. 

"A digg," I say, "Or some aitleer animal. I did mot see 
clearly.” 

Again, after a clidk, the tangle of lines іррове. And 
now Ilveepperceivddlidistinbtly: a gout! Ог maybe anaanny- 
goat: as ttotlthedittder I was mat dead ssure..... 

“A mamiyyegeat, SasayA IAlendndNe Wauskaya, "And ssirace 
you lhavenpartiaining, your time its 150 miillixecontés. After 
all you ditinnot know what sort of pictures I weasggding о 
show ttoyyau.” 

“Ami if I had had some traming and had 
known — what then?” 

“Then yyouvwddldahaseeséen it earlier, within ppehhpps 
one Миие@Флог even wiittiin660mnilitiseond«ls. " 
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"Why?" 

"Becauseygour visual apparavas wouldhhuee goneoseer 
the “ште of signs’ more quidkiy:” 

“Tree of signs'?Juatst some sort of genealogy...” 

“In away. But at first somelhssooyy of this problem. In 
vision, when one sets out to sort things out, literally 
everythingidsinnacanran dnd smpisterious....” 

So beegannmacaicajnaintancehwieh the Vision MAhysibiggy 
Laboratoyy headleülbpy?iBfefessor Vadim (ldezer. 


Chapter One 


The Воиифату 


of the Preconscioms 


‚.. Facts not yet accounted for by available 
theories are of particular walue for science, 
since it is on them Ши! its development 


' primarily digyentts..... 
A. Butlerow 


Why are all the conceivable tables іп omur mind united 
under the мате” Nlayearé all the aomecidibdartrees 
"trees? Hdows inanan coma@onceive what he sees? 

Three centuries ago, the English philosopirr and 
enlightener John Locke (12-1704) wrootdhthbdotok Assay 
Concerning Human Understanding, which embodied 19 
years of his exyeriecmecaiahthittinking. In it he moaináained 
clearly amtieembphtatidlylghahat the soul has moimbborndisas. 
The human braim, һе sitaeed, is aseort of clean tabbdet on 
which tthe world, perceived thhrogighesemse orgams, draws 
its dTaaaoters. 

To iidenitify aubidsject meams to asssggnitit to eappartidular 
class. But to witiidh?AAclahili js qumoteptbg Њу puseparents, а 
pupil by lriistéeabhezs, an illlitenath py latditteate. These are 
the first steps оп фа! of learnimg. 

А woont path is tiat of our own personal impressions. 
То gett acquiiirteedwwithheheowdrldeonesmust not just con- 
template it, not just floumiler іп ssthidasticpspectadiations, 
but fearlessly "ёвгнег into contact" withiüt, even maxkigg 
mistalkes aaridiusüffarirgetbetlkacks, but recovering aanddnmev- 
ing Onaad@ion. Experience, even guirectaat a lhighppiree, is 
the best teacher. Thermeiisabíhingidtigher than experience 
andinnütinggacamptepéace it. So ttagght Jahn Locke. 

Locke was countered by hiss comtempoaayy, the great 
Genman mathematitian Gottfried Wilhelm Leibniz 
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As the living organism develops the organizational fiisscnretina oor - 
tex Бессти esxarnmorérinvbledd. Notice tthe shootss—ddentitiees— 
becoming ever tilkiidkeraandimoreatarlglbd 


(1646-1716): yes, true, everything iisssypppibidd a ocasandny by 
our sense argams, everything imidedd. Save ffor ,.. reason 
itself! 

The foumdtioss of logic and mathematics, those 
“truths of reason”, .must, accordimgtod_éibitinjz, reside im 
the mimdppmmaidigily. The ccomeept of length, say, must 
be Шесее long He¢fora manaitaritarts measurimg ssomethigg. 
Therefore, the aibillisytocogageclidistumeces iss dsrinteaie ах are 
many сэВзег humantáidants. . 

Experience dtomé?00r the iitibonmlatosieA (Ат the time of 
Locke апі käibis epperimetstwevencenearlynkndwown, and 
prolbkems weerenretitlyotolxelybyayay of speculation. 
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“Just look at the newborn!” the empiricists, Locke’s 
supporters, would adl), "Do ypoutltihinkelIseesees yahytbing? 
There is nothüngiürhihis head, just confusion, a hodge- 
podge of foggy эрі!” 

"Wit spots?"ttieenntitiidsts, who supportediithe ews of 
Leibniz, Descartes, and HGamt, were imate. “The miillennia 
of man'seexistemeenmstst have perffectetitithéuirmmanyeyo so 
that the nravwtbomnseeesioiot a thit worse Чат аа! He 
just cannot speak, otherwise eerytlimgwweolldoelekear at 
once...” 

The canitpovesyyliliggeerédrofofor a goutitweamhd На 
centuries, unsubdusü. As science malleitits advances, the 
opposimg sides marshalled new eevittenee in support of 
their asartiions, and iignorctithhes¢ltitat played ünttotbieeopp- 
ponents’ hands. Only im tteereeeent years hasiit been fount 
that neither view lias the upper hand. Or, if you like, 
"firiendisiiphhaswwon": the ttnütliidiesnibebetween, only tthe 
happy mariigge of experience amdinteiiaancelshape &ifhll- 
blown llivingthhigg. 

To lbessuee, experience is umbbobbidiily of enormous iim- 
portanceffor the апп. If acthinppanzecdbbabysiserearkth in 
the ddakk, with умегакай бе light tunmedoarfofor a ЗН 
time, its wisionddees not go wang, but instead, there aaee 
some ather, more sigmifficant deramgements, which concenn 
not so muthvisisionsas such, as the brain itself. In suth 
chimpamzee jjuenildes conditiomedratftexes develop mouth 
more silowlythharininhehimpaezees living in acoonvetitinalal 
enviromment. So the light-deficient creatures could not 
distinguish ttieekkeppemwhdefech cinefrofnamastgangers. Even 
a Unotideobf milk exeertinnoeneaictioin timethem.... And the 
reason iistlibat “in animadds devoid of visual sensations the 
corresponding паешоов$ have mut developed lhiochamicallly”., 
explains the prominent neurophysidlogist José Delgado, 
known ffor his memakkbbjyeexititiagtstieies on Нееһініаѓв’ѕ 
functions. Under the mimrescppe, the rmeuronslidisplayano 
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departures, but chemical analysis пом Шиа! they are poor 
in proéeainsiahdbriborlugleicidicid, the famous RNA washy 
important for life. Furthermore, the Bypàaininiedérfeditwith 
infommatoompappears to Нее НЕ ег thamiit is moradllytithe 
case. 

In 1931, a &$ermaarpbhsisician, Max von Запі, removed 
Cataradtsimrse@emeral children whivowwerédorhliblind. All the 
rest of their visual tract was iinoodder. And sśtill it turmed 
out that “іа (ебі: days after the aypenaition, the мые 
world ffor them maaidevnoesense, and tbhgyoplylyecegognided 
such ffamüliar things as asstikloior their favoumitecbhair by 
touching”. It was onlly adfteddomgranaingnpahat the «теп 
who Ња recovered their sight learned to звене but 
their eyesight was llzterssilill weaker thamiisumsuhl for their 
age. They thaddidiffidultsen inisdissiriguisHingqaosquave from 
a hexagon. To see the diffen, they used to coumt 
angles lhslpingtlhhermsbleesvwithiifoegers, often ffaited, and iit 
was apparent that for themtlthis identification was а 
serious, demanding underttdineg. On top of that, they 
confused titingxgs. So ве rooster and the horse were ttlee 
same заа 5 for them Нресанефффава аа! гаі. The ffsth 
seemed to be very nmubh like the camel, since the fin 
resembled thadiiaump. 

Since his ffisst days, vision Ihelpsrmaarntdeaomphehanüdhe 
world cavouddihim. But this unquwesiiondalblefdact does not 
answer the questiantltàtat laidaat the foundation of the 
dispute between the empiriücists and nativists: Does the 
newbomn pperesiveranthihgig inha«hat he sees, or not? 

In tteecaaso fof animals, experiments wibm већу dialelied 
chicks seemtdo support the natiwists. The ability of 
distinguishing (dat least, their feed) is cemgseriitàl in thirds. 
One-day-dlichinkks peck Haas tenttimess more oáftarthtlran 
small pyramidis. They divaysppeéferiidiscsotoitnighgles. And 
if they caet ohcheese between cabblàll and aa dist, they dio 
not hesitate ttocoonmematatenchethel volerfieuftgure, while ig- 
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The mroreaarob]sject resembles а gram, the marecdftenititsippdaked 
by Chicks, thus sitiowirggtlthat the dhitdksHaaeeanrinisdvorab Ну to 
distinguish ssagpss: (a-t@0 min affeer hatching; b-44) min affeer 
hatching) 


пор (нае flat one. In other words, they aare more in- 
terested шула! resembles feed. We хет to ttheeabliilit yoto 
peck just after coming into this world as instinct. But 
what about the ability to sort out exactly what to 
peck — is Ш animasiinct as well? Of course. But instinct 
alomeiism»ot enough. It is alsoneecessayytitivat the wisudl ap- 
paratis be able to identüfytithe things resembllimg fdedd. 
Them issitit ошу theddetea of feed thhat is Inerctlitay}? 

The experimenter passes fromcithicks to herrimg ов! 
nestlings. Inthhe nest they are generally fed from thhieir 
tender motthatsdbill. Andsso, in experiments зот: иші 
usually ppetks at objects that look likeetitsvootlier's bill. 
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It is ahhatdafact now Наас the wisionoóf nestlings iissso 
perfect that they ceandidistingslish form. Perhaps we are 
overly ayptinissté?? What if wisiam issoohly ttinmledd sonseme 
reference fforms for each species of birds, leaving tirem iin- 
different to cthker forms? 

The qawesinortatakes care of itself when webbniggnimhehe 
concept of imprinting. This stunning psychological 
mechanism mmaanifestststsélf in tthat, for example, a dutl- 
ing between his thirteenth and seventeenthhhours after 
hatching "(теср уез as mother” any обр ес! that moves 
near it and thkeenablwaysdiddhosehthistithetter”, which may 
be ttheinuubbatokdepeper, a ооа], or “a small green box 
with aanalalanndiokdcKichinkgrig itt. it”. Here weunddobibtidly 
have nitierinastinctive tthingig> thahape, nor instruction: 
shapes аге 2411 too unexpected canid|thértiemp apart between 
the hatchimg and the developing of “habit” is all too 
short. What is mue, no imppiinimpecaarbóprpdodeded even 
several hours after the optimal time. For the duckling, 
even his real mother will then be a foreign duck. It 
follows tthat he sees ttimgsdüistindtlyrahdbinemératbers them 
hard aanidfafast. 

"Well, all of this iisnno proof,” objected, and imaavway 
not without good reason, the empiricists, "The experi- 
ments Ihavebbeerp ао попала за!5, not on man. .... If 
only wecoalidisisihdliatbaby. " 

Yes, until fairly reoenilytbhennewborhdsdsebedha heomost 
unshakableaaggument. Really, how can ywouppasitibl yspdak 
with cacpreature;/lwhenicannot. talk? 

Strange адыш! may Ње, being ttanadlizedbbyhihisrppteblem, 
physiologists for some reason have forgottentithe classic 
experiments by the Russian physiologist Ivan Pavlov 
(1849-1936). Meanwhile, the H3aideiáanngibhthbd of condi- 
tioned rrdftexescaanwwithceqial measure toeaappldd ditto to 
the sppeetiitessddggnaind йо thevinewbonn who has not yet 
learned tocalalk. And sso, when завышение how 
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an experiment сап livestigedd that would mot tire and hanm 
the Бару, this last strongindid of етра ЫШ. 

А SSwess doctor, Е. Schtmmiimann, showed colours 
cardstocbdabses framoonalajato toufoamtetry dalys old., If the 
card had a pictwreoon it, it invanidilyaateracted oe great 
deal more attention than a smooth “flat” colour. Other 
researchers have esssablishéd that two-week-olds prefer to 
gaze гаї things whose ffommurahdobolougifig (ог rathiherdüiveer- 
sity of colour) are more involved, and two-monbhoddds 
prefer pictuness умо ooecdrnitrimpmne_gs thostiosth pathl parallel 
lines. What “conffisscoritrahdhwhat “hodgepodge”? 

Babies umider a momth old æt a distance of al quarter of 
а mgttremlskeusut 3-mm ЧК вез, Һа-уеағеђ 0044 
lines. True, thellast result is still five tinreswoorseltiath¢he 
eyesight of anaddliJt, but it is far better than what had 
been thbogght by pityssccaan srahdspsycloglegists. 

Ап eevenlalagger sensaiijonwwagrpriadudéd; &ypexipenments 
in whlxibh newbarns were showmoowals: іп oone a smiling 
human face, in апо жег assniilimg mouth, nose, and eyes 
and brows all in disarray, in yæt another nothing, just a 
brighillycoblourbdusarface. Babies intbhe age gropprénom 
four days to six months liked the first oval, thus 
demonstnaitipgot&hethe experimentessitdieir inbornfdacuiltses 
to ppereeve@ oxganededtrattuctures, such asstitheumndacéace. 
If now wesapppase that the balby5s braimhaasmnbetided in 
it some referenceffor recogmüzingífaees (later in Нее book 
we Shall see that this is mot that unlikely) the wisual ap- 
Parattissomatst Бе гаї such aaststage of development that the 
reference stamtiard coulkübbe used; and on the evidence 
available, vision makes gogdod job of it. It is ahhint for 
producers of toys for infants. 

The eye tthasisnppisenananthvithpemportant informatoon 
literally fromitlithe first day of his life. But howddees a 
baby reeoggirizevhehat he ss#s??7HHis eye imaybbeanghght by 
some silly ddesigns. So ап eight-weekall, for example, 
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Newbontns aarenmore:tatácaetidoly bytintrüe aie tpietuteanthyisibyp simple 
coloumnedppeeess((a, b, с areredd, white amdibblaelidés)s). They are 
especially fascimateillbycalthumaarffaee. Blue bars — babies from 2 to 
3 months cdddaaddhthshskiedechones — over З morttissobdd 


тау bbatattractéd bsgiraleircle with appabch of newspaper 
text glued too it threeoor four times momneoóften than by га 
smooth colouretiidisc, butt hardy aayybdd wmwiladate ito in- 
fer that the baly issintetesesdech lertdetters. 

But interest is still there-vivision sends some signals to 
the esyermmiseles. On thhe other hamd, as FrieditidhERogels 
put it, “our eye iishhigkxtd not onlybyy our other senses, 
but also by the activities of our thinking” In effect, 
modnmssizaneclakses not separaity the eyes fixomtlthérbiain, 
as iit once diid. It noliomger considers that therndde of vi- 
sion itscoofifieédot'trfisansporting” infonmatoon, just as tthe 
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postmanddess, and iit no llorgreraassettsldtat the na@kecéftlthe 
brain conessddowmruaist to “frereppinot,”, like the neatinggobf 
a létteer. The physiology of the second paart of the 20th 
century ssxyslekrayly: “The egyosipapart and peace bl of the 
braim, just deployed гаі the fromt:” 

“Раш of the braim”.... But where dbees the wisudl ap- 
paratuscenihaddvedierth¢ledpnain proper-dthe receptacle aff 
reason-statart? 

Hermann von Helmholtz (German, 1821-1894), “that 
greatest physiologist” of the 1Mthceanturyniththeowlsrds of 
M. Sechenov, called our perceptions "unoosrsciousormhelu- 
sions". Really, when wattdtiimggaamcqauuanmmitwitblgóGklfish, 
we meer constmnudt the syllogisms: “Creatures possessing 
gills amdllivvimgirirwatater are ffish; these creitueesiirave НІ 
and thhdidiguith ihethe reservoir seems to Heewwater, hence 
these гағе ВН.” What we doinsseeddsishthat we just assign 
"by ttieeaggpregatefof signs” ttiesseddinty yolblinihgghitings to 
the cthass of fish, never giving atlthogight to iit, as we go 
throughtltbprprededare. 

Absolutdiy differant is the answer to the question, 
"What class dbees the unkknowmreneaterbrobpbuüght by mts 
from theeddeepfof the aeanbbklogg to?" Here умер їо 
bear all our knowledge and logical powers to aatlievea a 
precise dllassfficatonn. We will reason, althougihtlthprpbob- 
lem Iheresseemstádóthelarsame: whether cor not the caught 
coelacamih (a lobe-fimnsiissea creature) is to be classed 
with fish. The groumiülweas shakyhhere. Helmholtz was 
right in ssayimgrititat there is untiobbtélilyosomsansilmilarit y 
between the results anfivedaat using connscbous and un- 
conscious imiferanees. 

It is thiis ssiniltariyytitinat explains ttheffact that people can 
virtuallly meeer describe Hovwtlt&y yesewlwhat they see. They 
invent, they aaitemppt to reconstmuct the act of vision eas 
they umidessiaddt it and toormededer in woxttswhhat occurs in 
their visual apparatus. 


9+ 
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You may be showm several thousand pictures of 
sceneries, andtbhersesevetal humdirstinmore, very simillar to 
the егабёег ones, but which yoeuhhraveonot seen lisdtoee. At 
any mte, in eight cases aut of ten, and grenerállyeeeerwstith 
higher confidens, people cdisbigpisisha &rdsleglicpiotirenfrom 
the old ones: “Км got a feeling I havemtt seen it." 
Whence this feeling? It is only rarely that the man 
mamages some sort of explanation. But it takes much 
gropingimyyour memory and fishing Нот leading questions, 
in obbker words, much tiimerahdffeffort, generally wribhout 
hope. But to rjject the pitture took just а passingcblanee. 

Іп hits апе onláardszgape recognition, the American 
physiologist Haber writes that pictumesaareatetamled: ihethe 
Memany not as words. What is more, not infreguentiy 
people try, on the comtrayy, to rememiber words in thke 
fonm of visual images. A Soviet psychologist, AJR. Luria, 
in Hiis A S$nadl! Book alimut a Large \Матоту provides Ве 
results of his manyyyears of observations of a pxdfessipnhl 
mnemorist N wihoppsssesséd wala lbyoprgidigiousruemory. 
“№ made no difference to him. whether he was given 
meamünpful words or senseless syllables, numibers or 
soumds, if ttheeyweeeespivemratallgr or in writing; he anilyree- 
quired that the tiememts of thesseiées being ssuggeseddboe 
separatedfrfrom ome ашыт by a2233eseconshysause, and 
the ssibbsqquent repmedlwttóon of thesserees was ajpéeee of 
cake {бог him. Тһе eqpermmentatist арреаке ао be helpless 
in a problem that it seemed, was so simple for a 
psychologist — the meeasurement of memory caapaitity. ” 

Even nmanyepears later М was able ttarereprinducthothose 
series Ғашійе у. How did he memorize them? He 
*photegzapbéd" the tables showmtochihimy bys his sight so 
that they weerefifiedadiast іп Hissbbrimin. And if series ware 
dictatetitahihim, the meenvorizig тргеаедегеазма fdiéferent: 
he arrangdditheovdsdmipagebalpagtaetreet. Generally Hee 
envisioned GorkySftertet in Yosscow, from Mdayakoksky 
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Square ttothheeentre. Digits, for example, were pictured ass 
figures of people: a seven agppearddisas “a man ма a 
moustache”, ап еёћі as "a stout woman", and so tbhe 
number &7waas isisalaheddsasa Saostout woman wiithaanman 
with moustache”. The word “horseman” was pictured 
either as accavdiyymaan, or (wien WNbbesame arpfefessiahal 
mnemomist and switched tommn “economical” system of 
memorizing) in tteefdornm of an camyysspurrédoooot. 

After the images had been phiaecthdatequaltely, it was 
plain sailing ((tobbeisure, only fwr М) to renemileer them у 
taking aaststiibll along tbbeststetet either way, startümg ffoom 
any point. If а *wooddaimggee hdpapepeniedb getget into anumA- 
Ѓауоша е position, say imaa shadow of a gateway, М 
might overlook it. Thus he acoountelifdor those extremly 
rare coceasooss when liewaasaagight іп asblppobf memory: 
“1 placed tiheppencil near tthreffemee-— you kmowtthat fence 
in ее street — and ssahthe pencil melted imtahthe fence, 
and П passed it by." 

Einstein iis му Honowrtd àdvavessáiababout his pomdter- 
ing technique: “ft is quite obvious that words of a 
language in their written or oral formarare of no 
significance iintithenen&chámism of thinkimg. Psychological 
entities, which seamtocbdbelelenments of thought, are some 
signs andnmoerepr less clear iimegesthhat can lbe'dgribitrári- 
ly' reproduce and combimed.... Common words and 
other signs Inadlooi)ytatantialiagig!o toe beugtght at the sec- 
ond ssigge where ее above interplay of associatioms has 
sufficiently cestabliseed itself and can be reprodwoad if 
desired.” 

А ssimiidar attituie, althougheespressddnisprseme other 
terms, is to bed diouhih theheocbdoktlixy pioenpreminent Rus- 
sian sshatesmanViMiichiail Speramsky eenititldd The Rides of 
High Eloquence published ііп1 95 :' OOuthtlugüghtsiráar far 
faster thamoour language, whose slow, ponderous course 
that is mot always sulbiluetibbyulelesnifinitelirimepedesiDur 
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powers of expression.... The linkage of concepts in thee 
mind is sometimes so subile, so tender that even the 
slightest attempt at exposing this conmection by wwodds 
disrupttsitit and ddestopystit..." 

The Russsiarppetet Fyodor Tbyutbhewptut it in ап В ВН: 
"Promouneddhthwyhght is lie!" And we want to ffimdcbwut 
how ве humanbbriainpeperceives what man ѕвевѕ, why all 
the ttdbdes are "fabbié'fofor him? Héehhapsvevehsiuddiivgive it 
up aatsaddolad joi? No! 

Modan ssiienep possesses Вейеа йи clue trothhe essence 
of mysterious mechamisms of every descriptüan-— the 
"black boeX'tnmibtldod. Scientific warkkesscoathll things the 
inner structure of which is unkknown. It is dark inside and 
therefore the observer is free to hypothize. Тһе 
hypotihexes aar@ gearetbllghehleekedtafter the ffathoon of the 
fictitious Russian haumoasist: “Give ааптааге a ffli¢koomhthe 
nose awdtit will swing iitstadil. A Amo te енреенрегітепіег 
“flicks” the blachobothidGw? — that depends onhhistabHi- 
ty ttoaakknniaturquguéstions), and ttheenreeocotsshtheespspense. 
Questiion-— answer,  question-— answer... The more 
diverse antisepphistiaatechehe “question”, the nidher the im- 
formatíionddérieed. 

What next? Next ceaqperineemtet dato tm alyabydecthet list of 
questions and aanswess, to pwt hypotheses aasctehélienmner 
structure of the black box aand recheck thbembyosslásiging 
new, more prying qqusstions. The dialogue beetweemanan 
and аа5Ыек® фох ihethielréchest materia] stimulatingf fumier 
search. Soomer or later, however, amvoneemt comes when 
some condlissiossimust be dxawnaasdohthwovbnkings of the 
box. But the iméeppretation of experimemtd! findings 15 a 
tricky Losimess. For example, a ciessyplaynygpppppet may 
be driven either by an intricate mechamismoor by a 
chessplayer hiddem inside. The puppetss response to our 
movements аа фу ЫП р qsessibilities be hepopphsed. What 
isttobédodene? Just remove the cover of the automaton 
and ppeepinsisikde. 
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Vitreous body 


Muscles to 
turn the eye) 


Optic nerve. 


The human eye 


Physidhyiis$ts would also like to peep inside: fram 
“behaviourist ¢xerepenanents arinadimals and people, scien- 
tists move contctetstixties of individiudl neurons and neuron 
networks, and view tithe fumctiionmg of the visual ap- 
paratus fromaawddearanigty of angles. We will cover with 
them aHil the paths and will eventudllyseee that the most 
plausible model of visual percepiion, memory, and 
recogmifion of what mamssees4add not only гпаађ), which 
is the richest іп coomsegermrmeses and “side paths", is the 
holograpiioanmmuixdel. Мату investigatorsirimangnowountries 
specullatetloonhthis possibility drawipgrofaifbirlymoónwvincing 
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seral веси]. " 


The wisudl pathways ад! the waytedhtheisisual cortex. The wisudl 
fields of tihe ей antiiregh egyesoyeetiapppatt_yOO mm got chthelühisasm, 
the central] mwsst importantpparpd ће ivisalali 1616 i£pepsestaded in 
both leniigpleceesdb уд да] comin & dnobothwoehesyes 


circummtaniidl evidence. The workers of the Laboratory 
under Proffessor Glezer at Koltushi were ttheffisst to come 
up withhinardvedadeaceriertved at the Пе of neurons of 
the visual cortex. In aaddition, they Haave revealed nmany 
imponttant details of the workimes of the visual 
mechanism. 

And mowitit would l»eiinootdetotanawswer the quesicon of 
where ttheviisuhl apgyarátms derimatatesndriüetheat»rainrprop- 
er begins. The eye's гейша contains 125 imiillion light- 
sensitive се, called pbhotaxegaptors. From tlihese to thhe 
braim lead 800 thnousadd nerve fibres. That makes one 
fibre per 150 cells, so suggesíingtlthat even at the ема] of 
the reetànahtlreris 3ersoreffeeffeetiviorimformqatioreqsingessing. 
Along the nerve, signals arrive at various parts of the 
brain iimtluidipgatatetal geniculate оўу, and ffutither to tthe 
visual cerebral cortex. At each sstepththe most substantial 
. piece of infonmatoorisie:axtraedettofnoime trieuvisual signal so 
that at а lhiggheridevel the iirfGommüatiois inanoronseniertient 
to Мате, including ssubjgectingtit to all logical transforma- 
tions. 
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The meseartievess of the Laborator yhthefefobelbeheve that 
the visual apparátus terminates where concrete (visual) 
thinking is replaced by léggioàl (abstrad)) thinking. The 
mechanisms of this “preconsdinss?, prelogical system ære 
studied here, using all the means available to modem 
physiology.. 

То tbessuee, here at Koltushi they areuunblbitoenetmirace 
all the pppbbders. The wisudl apparatusisststdidiedt at hundi- 
reds of laboratorees thmougiwwmüt the world, including 
dozems imthh&Gaviet Union. The issues of vision are of in- 
terest to sppeiiäktts in tedéevisionarahdongmtputer designers, 
machimetoobd! designers and ttaamgpurt experts, the poeregp- 
tion of очи aanid-clolourononcer tsetheffiafitiqedize and 
architects, artistic designers working with machimes and 
even chiltirers $dyxys. Each mesearbhwedrdkesppapprdachés the 
perceptiionaahd processimg of visual infonmmiconrérom a 
differemt angle, he wtlizzesaalatight|stifefferent methodtdto- 
gy, and compares and distills the results obtained by 
scientists fromreelatéd fields. Vision ppooiddes the braim 
with mimeetetehths of the ішібопаасоопосолуиірроќгоћ all the 
senses, and sso it is moweonldeththat there aarecenogigmysys- 
teries toggoaarowhd. Research at the По оаафог ysisoretuduc- 
ted in close cooperation with humdrzelis of scientists 
around the world. It is impossible to reach an acme 
without the support provided for by aa wide and solid 
foumdiati»p, without having ones results checked and 
rechecked Hyyodthiers, without drawimg aontlibesecrestdts. We 
will therfforeppay our tributteteahth&rfüidings made at ma- 
jor intennaitonaél labowatorees. 

So, let's come ttoggiripsvivitthélprepeesent thinking oontthe 
subject. Or perhapsiit would paytóœaast our sight into tthe 
past. The HRüsssaarpgperet Alexander Pushikinsaaid, “Respect 
for the past is what distinguishes enlightment from 
savagery.” Let us ttherébor¢atakeeveraral steps back toogget 
some iitkea of the cetlifteewwerarebalout to emeer. 


Chapter Two 


Galen's Forest 


And he wito willgiveeatsisfacror Y-Xplplumna- 
tions far these jpienoweenanngist really Ве 
an Ifmeatsor and maarnvererknémbadigetveleble 
in the Control and Workings of such 
Amattomécd! Machines. 


С. Power, Experimental Philosophy, 664 


“Why ddess the egyessee?WWihgodoes the meemoyyetetais as 
alive tHeepjsictiere& dinothetbestpdetBeW Невз does the memvoyy 
reside?"-— manm starte to ask these and similar 
"chiüldireri$5'qupsestions perhapsssinedheooonicaidddninettsel f 
as man. 

Some obscure thearmealabout the soul watchümgtlihe 
world tthoogghththeupilpils of the eyes, just like tthnogpmian 
openddoor, even imaraientnt times could oohlyasifisfy the 
curiosity of those whhoalididotnot bother totbhihk. Critical 
minds sought for real, substaniidl evidence. Titus 
Lucretius Caarusraninded: 


... if our eyes areaasladers, 

Them Вета, it is dear, 

Ought to disseenntihings better if the eyes 

Were ttdleerowtut and reemevdd, doorpostsanddlall. 


The philosopticedl treatise from»wklhiükh these lines are 
quoted! is the elegant poem On Шёе Nature of Things. 
Thus, in tthefifstst centwy BCG., Lucretiiusssummedipithithe 
scientific achievements of the anciemt world. Just like 
Empedledles, who lived four centutiies earlier tham 
Lucretius, the pbhideeppitidal poet maüntaüimel that 


. likenesses of things and Нет shapes areggyvean off by things 
From thbeoweterosost body of things, which maybbealidled, 
As iit were, films œr even mint, because ttleeirimagóbdaears 

An ayppeeaaaoeerahtbrforikelikalta, that, whatever it be, 

From witwssebbadyitit appears to be shed, ere й 'wanders aibroad. 
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To make his idea more convincimg, he tunned to 
analogies. Afterall], haventt you ssentbhdilikbh; smoke of a 
fire and sensed its invisible warmth, marwelled at the 
discardisdsiskin of a snake, which tochthe minuttest detail 
duplliicatesstlhhelsiyape of its оцу? l'Ehestgipiisiteatsalsbeike 
this: they aaee light, invisible, and ddpplictetehelshagheape of 
objects. 


... yourmaykoow that fromtbhe outermost body (ете фо off 
Unceasingiytltinim/esebs and thimsbhapes of things, 


conchudkithaeqmet. 

The hypothesis of “signs”, "images of things" was nme- 
quired by thee philosophers of anciemt Greece to есйп 
the mechanism of vision. Ере, for example, 
taught that in tiheegyeiimggesojoiwithithethintémtdrnal light" 
radiüatimgffoonhelyipusils (thus, it tunnscout that "radit 
eyes" are of а werenbbdagal?!). The comact prodiucestithe 
impressimn-— the mam sees objects. So that the soul, 
peeping out шю іне pupils, is just unnecessary: the 
work aff vision, to usemusktenn parlance, is a [plypsicál pro- 
cess. 

"Images", too, were quitepphsisiaal, materia! for the æm- 
cient Greeks. Demooanituss(¢c. 460-c. 370 IB(C)), for whom 
there weasnndting inithélveowdilldtbut atoms, statedithhat "im- 
ages" areetlthéiiftsest atomiicligyessititat flew away ffoombthe 
surfaces of bodies into sgpace. And sso, they fíintitlibieir way 
into the esyetithnosigthahe pupil. But the eye iisaideacannm- 
posed of atoms andiit is Боший to ccomiaimroses that are 
congemüzl tothbese that have ænteeddtit. The ssimidar ones 
joüntogedtber, and thuas the '5errssiaà] imprint ”eeameggeshtitat 
sets theamtoms of the soul in muti», and theessolul lives in 
the braim. It is the reasomitite, sensuoumssoll, unlike the 
bestial one, that dwells imthechbeast, and ttireveggetalelomne 
that resides in ttleeststomich. ... 
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But one thing caused confusion. If the braim is the 
“sensuous soul", it should feel On the other hand, 
medical evidence sifft that the lordinddeenatot even ffeell 
pain. And ssoAWisstütle, who гоо share Нее DDamodtitus 
concepts, at the end of the 4thceanturp.B.C. came ttotlibe 
following conclusiom: “There is no good reason what- 
soever to lindlésvetbhat reason iisaassocistd dwwit th ero tod y . " 
Hence, there aaeena с araboxbasrasotrs гефегеѓег to tteebbriai masas 
the reeeqpaatde of reasom. AccordüngteoAAsistitle; the soul 
is united withthhodbdy, it is "tieecoaasexaddietive еріп пр 
of the living Hook”, and it is to Dbeefdfiouhih пе the heart 
(now wehhasveinnaedretiaüetbuelisplispsngs of the "ffondacss 
of the Heear't,”, and ssooorrahsb gorfonth!). As ttotithérbrajn, 
its irdleaacooddipgotihahbiphilpsepher, was tobba aosort of 
refrigerator,  soodlimyg the hotmsss of the heart. 
Anattoniicdl ideas of the ttinvecoolddiatot boast especial ac- 
curacy, and nobody dared to defy the opimian of the 
celebrity. And thhan... then AAisstdtle’suduttiority, with all 
his fallacies, remained uunkhlsabléofor a ga@otoonendnd a 
half millennium. 

During these fifteen centuties the philosopiticadl 
teachümps of Aristotle were абадка, and finally suc- 
cessfully. It was dome by CllautiussGGlske A.D. 129-199), 
the second greatest giant (after Нірросгањеј) of ancient 
medicine. 

Greek Бупаабоа у, Galen was tUbonrirird?ergaumum, the 
capital of the PergamumkKKiggcdom, inc. 129 AID. His 
father was eapruxysperous architect, who maanggddotgiwive 
his sona apspididlidlueddcation. At the Pergamumlilibnary, 
which Haakhlzbaut 200 tdihwssaridbdsdskemdindiswasrheasly as 
rich ass the book depositony of Alexandiiia, he got ac- 
quaümted with the works of Plato and Aristotle, the 
treatises of the sstdics and thhair irreconcilableoppponests, 
the epicureans. Galem studied! medicine with the best 
physicians of Pergamum, and then travelled for four 
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years, visiting toowns famous for their scientific schools. 
So Ihe HaakivisisitécbiSimirpa, Corimph, and of course Alexan- 
dria, where the local doctors were aconsüdeeddotbe бее the 
guardians of the anciemt Helleniccart of curing. As «айу 
as the 3rd ceetmtur B.B.C., the physicians Него and 
Erasistratisscooddhictedumpopsics onpsospses parébperform- 
ed tthefifitst primitive eeypenimsnt sromiaminals. 

Back ffoonhihis travels, Galen foundeaemblpyment as a 
doctor aat a gladiiatosccholol. That he was wfferddithipqsost 
betokensühlss talemts. Fighters were expensive, and thhair 
propritoss were interested) іп hhavigg them bbakk ір thhe 
arena dfeerithey had been sewardhy woounlddd pwildldcheasts 
or their f&elioweghakliators, and tthus there wasnng|placéofor 
а povr doctor at the sstivodl. 

By that time, Pergamumbhddobost its prositoomasapipital 
and hadddrecoethetheatseat of the ggwvennor of one of the 
many proviness of the үре ШШ Romam Hinppice. Splendid, 
pompous Rome, the treaverfofor artists, philosopirersaadd 
scientists, attrattetitdialents. Galen, too, set out for Rome. 
He quiibkiyceaméninateoprominenberetheré candyedjoyed “re- 
sounding роррінагӯсу”, to ussethhevwotds of historians, both 
as a practitioner and as athheoréticiaan of medicine. His 
lectures invatíidDlyattáraededhanyangopleople. He became а 
celebrity, and when he tried to retum to Pergamum, 
emperar Markus Aurelius recalled him bbdck and pro- 
motedlhhimotiethe post of'his private physician. At the 
time Gadtenwumababout 40. 

The empernorgiesopher Markus Aureus, (the last 
major stoic whose book Alome with тез 7 left a far 
more profound mark oorhibistyrahall all of his warsaadd 
Statuitoryyacic}s), appieditethipighlidhe gift of his physi- 
cian. Galem was never interfered with while доме his 
reseamdh. He became the first experimentàkst in 
physiology eewer, he made the first trepamations of the 
skull of animals, exposed tthebhriain, and reenovvdd»pasts of 
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it or dissected iit, seeking imsgiitt intottieciutegrplabdretween 
the atts of the lbnaimandhtheserses. He seweraiineeyessdo 
look imoothtieifufictiction. And ltownmay ylidisowvindds alen 
made wililted dissetttmgnàamnitsáls! He wastlthdifirst to giiveaa 
descriptiionobf the ssewenppiairs of nerves aromiügefrfnorththe 
brain tocitheagars, nose antodttresrgapans, he discoverretinn 
the braimtithe optic thalamis, and in ве eye Нее гейша 
conmectsdtachehtalhalamus by asppecill nerve. 

Vision, Galem believed, was possible because of the 
"light pneum" locatedbbeteeen the crystallime lens and 
the 1115. It keeps coniigghheréróronhebeabrain thia aitécoptic 
nerve amtippereiiseiijipht rays. The sensation, a prathact of 
such merging, passes owr to ttiee" Ceetrtlal visual огаш”, as 
Galen cadléedhththdhabamus. 

He wrote: “For the sensation to occur, each feeling 
must underoaa change, which thhan will be accegptddyby 
the тай. No ffedlineceaniniedgrgochartyengb ew leap asxplosed 
to ligght save for vision, becaumetlthis feeling Haas a clear 
and bbright feeling opgan — the cryyssdihindidiqdid. But the 
change woolkldbdbe of no usse, if it were mot ‘brought to Нее 
atteniim of a contodihggniniiator, that is tothhéokatation 
of imagimaition, memory and reason. That is why the 
braim хат $ out a piece of itself ttotltheigrscstaliinbdüidiid, in 
order torrecggiuedhthenpmgxsissión it receives. If the Hynáin 
were mot a llmeataoríránomhihiohi goragenated tanchith which 
retumrectiaHll the dhamgesnmaedch of the senses, the animal 
would H»eddevald of sensations. In ttheegyes, colouriinppess- 
sions quickly coom«aoth&he part of the braim coontaieednin 
it, therretina. " 

What a remaukáübiy shrewd conclusion! Let us leave 
aside ttieeAAsistotiehamqpmeuniiegdliigediy sent by ttheebbriain 
to ttieeegyesl(bpyhtheayay, accomdiingtooaome of the mustbenn 
physiologists, the central nervous system ssgdsis to the 
retimasigenids that соті! the sermsitwüty of cells). We will 
here oveekbobkhehe fact that the role of the light-sensitive 
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element was giwentodltherystatlahkrienkens, not to tliverettiaa 
(all the pre-Gadkizamamhd most of the later philosoplivess 
and phlrysiciass fell intothkeaamélfatizry). Let us mat ex- 
pect the sirertts$t to атымевт all the qpesstépn sat once. We'd 
better marvel at how aromvvincigblyhthe braim weasraststerbd 
in ittsrigbht, which ewer since lgssngever been qusssioorndd, if 
only byysamme hopeless scholastticsits-— Ап шийип who 
idolized ват father of their school of thowgitt. We may 
only gimeoour due ttotltheusadüyitY of the iitbeatlthat the eye 
is aninttggial part of the brain. 

Galen weasddistingulisldetbifor the coomaggéninirentnt in dll 
true men of science. He was readytocuppgoport the most 
shocking (fromthehe viewpoint of “common sense”) 
hypotilessess to account for the workümgoóf а lliwigponrgan 
without invoking some mysterious and uncogmizdile 
forces. One sudhhhppotdssiwaeasiggegitesiéuy binhimsobvsolve 
the eerigemalhthat greatly ttooulelédllall those wieolddalt with 
vision: how dddhthe “images” that come to thee yérdiom 
objects татаве(фо еі into thh¢ininpupilpil and 5$ retaüm 
the “life-size” diimesisions of the objects? Wikhenhetro woul 
was llodknggoout of the eye, there wessnné)qenststimn: it was 
the soul that saw Шеет. But what was to becddonwitwith 
“images” without the ssml?? Andsso, Galen disseadds them 
togetiier with thee soul. His mamuwsoijpt contains the first 
drawing iirhibistyriylümatnasithg therkiogkings of the egyeaas 
imagined blyyhthecimerstist: the wggan of vision isaacurt of 
presemt<diayradatar . 

Yes, Galenssádd, Empactotissaad? |Piatoewaightght: the 
eye diwes emamuteragys. But they arenneddédatot to mepge 
with tthe" ftimgges Conoimerfgofnoshjabsects. The rays just feel 
the objects, as if they weeeehthin invisible sspákes. Let a 
tower ог а moundairbdberbibmrdyihydearge — the small pupil 
will be able to take iniits confiigmeatonnwishths its "ray". 
Naive ttdle, you wouldttinkkB But this is exatt)ythhepniici- 
ple of the raddar. 
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In 1435$ аа a quater of a millenniumaffter Galen's 
death, the Western Romam FEinpiréelfell. Ancient science 
remained forgotten іп FEurppe for nearly ten centuries. 
Fortumaetyy, unlike Eiunppeans, the Ressaassaaddhtieir sub- 
jects ttieeSSyidans, and esgreeüidl]ytlth eA Ааа who rqmaqudred 
the RessianEBipper enithehél7derenyury, held tihelteanmag of 
antiquiijyinn high esteem. As early as the 5th century, 
some of Aristotlk’’s works, and later Pliny's, were 
trandate into the Syrian language. In that language 
Galen'stittreátises appearsiiaasvelell. 

Centuniies ppassdcd ybyopdaderdysly, rulers changed, cities 
and pbilibespbhidal schools flourisiedlaaridiehénlimed. In tthe 
9th eerituyyltheentntre of oriental science was ава, the 
fabulous city. There worked the remaukdble thinker, 
physicist, mathematiian, and physician Abu Ali Ibn-al- 
Haytlhm, known in medieval Europe as Alhazen. Of 
especial fame washhisveitrk Optics. 

Alhazen ssiatddhthat the egyyeeamuaamiatedonaysays. On thee 
contrary, objects theemetivesscaridmaut rays ttotbheeeydrfnam 
their each and eveny bit. And eathraay exiciteiniththeyeye a 
cormespantinggpqoint on the crystallime lens (here, alas, 
Alhazen aggreedwwitht Galemdndbibbught of the arystállire 
lens azstlihe'séssnsusus gargan”). 

A sea of rays anüjügst one pupil.... Would mot they get 
mixed upp, tangled? AAlhaeentsgagesh anpexpeeiment: he liit 
several candies befomeaasrsmihàll hole maade in aabbox. And 
what was the result? Оп ве wall oppositetithe hole ap- 
peared the images of each of the candles. Without any 
distoríioms, without any «тонап. The sscieniisst concludi 
ed: any ray moves through the hole independently, 
without interfketingwiibhodthers, and tilissppringiplésis "to be 
accepted for all tramgparemt bodies, includimg the 
transparent bodies of the eye?" 

Alhazen Ihasthhusrimeenetediehexrameobsobsaura. But as is 
Often imsciieoge, he ditnnot put much sstockirimibisbebser- 
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vation.. Suffice iit to diieect the Hobéeaot at the qmdikes butt 
0405$ and... but Alhazenssopppédhshort of it, andtbhe 
fame of the dissooverer of the espe? зп йе! slipped орог of 
his Heamids. 

Не was unsuccessful with hhssmmdadel! for the aadidinoalal 
reasantbhat the pittueoothelietaslalwall of the tyoxtunratd 
out tobbanweertded. This puzzledihirme оі: the world iss 
seen loythhe eyéufspmdtodoawnlifiphapbssible — we рекке 
it right-sidkeupp. Alhazen wvasaaquaiainded ithittudtutlid's Op- 
tics and had a good understanidigg of the refraciion of 
light. Perhaps the “tramgparant bodies” of the eyeball 
chamgethhgqihth of light rays sso that the iimaggeirirththeyeye 
retunns to “momedl?? It is tothhis predkettarnimeechresnsaver 
that the scientist fitted the drawing of the path of rays. 
And, as weaidll know, such гайр ію rmoogboodresen at а 
high sso] level. Alhazenddiciatot believe imthheesedult of 
his experineent, and sschhenadadm nisabseovery. Even mwee 
so, the molde] he suggestetibbecama вое о вю ар Фаск 
other researchass. 

The authority of Alhazeneevemalad its effect on that 
genius of the ernmgimecriggrarts, LeomartiodaiiWimci, a штап 
who weasceentürseshahéad of his ttireewstithhihengmeimeeging 
ideas. Leomarttoappipxodekied d hentontraidictienvbehwieen the 
invertedimaage and “direct” perceptioninithathe "Arabic" 
mamer: he совышос а diadiagram of the path of rays in 
the eye so that the picture on the back wall of the 
crystalllneldensvwdulde bepSulpside up"..... 

Here we will skip Quite a number of years and meet 
Giamihatissialdtdla Ponta, a uiidhIdtálanretistotrat, man of 
distimofion and mamy  comtüratiiciónns. (The German 
histouian of physics Е. Rosenberger charauteiized him 
thus: Һа агне, half-igmoramms, and to a large 
degree, impostat"; but othearsdimaot agree withthhat harsh 
estimation and comsider it excessive.) His curiasitywwas 
beyomilbbkbéf, he wasindd&fatigablin inshisasearch for fresh 
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scientific evidence, and excelled imvadoious experiments, 
some of which ggavehimnthéhe fascinating and dangerous 
reputaíion of a magician. He also соонешокіфбасатвчаѕ 
obscura, which werewelll knowmaat that time adaahehe 
fooled wribhttthbenheheankade come sekabtk ale odisoovery. He 
wrote iin1ESTO:"FI want to шта! a mystery, about which I 
had Њаф вофаіеававопѕ to lkegpssitent. If you iimsett a can- 
vex lens iirttoadidie]e, you м sseeobbgectsmmuaichledearer, in 
fact, so dkar that you willlreeoggiueelthéataces of strollers 
in tthesstreet as iff they wereinnfrfront of you.” 

Then ttheirinventowevent on ttocoorpparehtheenesaroaemera 
obscuratéahtheyeye, and .absolutely ccoreedttypqointed out 
that the anystdllineldesssneccessary, just aasthbddensninhthe 
camera, to рроўјесі an iimmgge onto the back wedll of the 
eyeball. But now, unfortunately, his diletantism nmdde 
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itself felt: comtayytoto all logic, della Porta maintained 
that the sensitiwe element of the eye was still the 
crystallimeldens, not the retima. 

But for the гп в teareasonl acttbibetter acquainted 
withtbhe amattonyy of theesye than della Porta, everything 
became «hear. Thürtsenyvear s áétéhéInewewnramerzalbscura 
had beenreppurtédi(btime was sluggish imththseseemeniemies) 
the pilyysicaararahahateatósnist Felix IBláter, whom Jédhametes 
Kepler called famous, learmed about the camera. Plater 
had noddobists: the camerawwas asgphéenüidiahd very æ- 
curatteamalalngue of the eye. And he resumenttedGélaitn’s 
idea that the retima was the sensitive "outorgp" of the 
brain |dceatedn ithe hgebytball. True, Plater did порі succeed 
in dlaawagghehe path of rays througthtithe crystallimeldens. 
His matühensátioh] groumnüimgtumrEmed out to Heciriadeiputrate 
for this sort of work. The last strolketedhthe picture waas 
given by Kepler (by the way, he constmoteed a large 
cameraobbsuuratat Linz ttowasatkhhtheokolerlgelépse of 1600) 
in that he meepgedhthe ideas of Porta and Plater. 

One might as well ask, what has anaastoomomrer to dbo 
with pblyysiblgyy BBut in tthosedaays each ssitemitist of note 
was a philosopher, and so was intemestellirincsenende an a 
wider comtext without comfiniigghhimeskl fotoarnarrqueo ferofes- 
sional interests. Andsso, four years affter the construcoion 
of his camera Kepler ри ей a new tteeatise entitled 
Supplement to Wiitėto, Concerning Ой Astronomy іп 
the founttharahd fifth chaptess of whichhhe ехроши his 
view of the wokkiggs of the eye, the wiew of a matieem&üti- 
ciam. His geomettticdl constmatioons leave no doubt that 
“the right side of an abtgect is mepresemtddiothdheftleft side 
of thereetina, thelldft ome omttleeririgbt, the top at the irot- 
tom, andthhe bottom at the top”. 

Unlike his preldeesssors, Kepler was met put off by Ме 
result obtained. For the aastoooomrer, the wootidsiasas it is, 
and noot as wewoolddiltekit it to Ње, Kepler did not set out 
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to ПК of some а 14] way of bringing tlheiinsggebbabk 
to “nomad!” inside the eye. What purpose would this 
serve? Affeer all, the’ picture abbtaindcdwotheheadacklwall of 
the су] “does not termimatethkeact of vision ший the 
image perceived byytheetetinhahd’edesansent to titreboaaiit”. 

Science agaimreeturerééb (GaGalenisatdieasriterorder to live 
able ttoaddaanee. 

But then, early iim Ш! 7ohceentyry, nobody attmiiredthhe 
clarity adf vision of the great physician. Not a single рроө- 
gressive scholar of the tiinrewoolddidare tefrefer to Gdkm, 
since it would Ihaveaamontete dota uniamiorithvitle dhekdarkest 
fores of reacib»n. This was because medieval 
scholasticists made @aatets's works, with ali their fallacies 
(which unféontnamüsly;/eveneumemeróys!), into гаре, and 
vehemently aátaakkdchramyene who diaeedictoevisdse ог cor- 
rect any pixe of his writing. Galen*sboobks had lbeentlthe 
"heavy catilléeyy" of obscuranitsm, and soffor the sdke of 
progress of medicine tthayHaaddó cbe rejected карго, even 
without sifting ttieewkheat from thleechh&fff. 

And oadjynmany, many yeeass later, when ssdhülastiism 
was ttataliydeleftatedndndaswasl yorlyereinemmberedsad a sad 
chapter in пт юма] history, could хепе еее ovbsks 
of the great thimker from а] that was extrameomss, from 
that which Ibatlaattraetecdielihetlieglogists to iit. For, as tthe 
19th centuryFEggiisanatalialist Huxley sit: “Those who 
have menti Се» worbskaraserstiubk thy dieedikersity of his 
knowledge amntihhiclelear understanding of the үраізѕіёффе 
followed iinphhsiibiggy. " 
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To peerediveiss to ssott out, and ttocaxwm- 

prehend the world iis to understand thke 

rules to lire{fdliionedd rinththecsetecoiondutuming 
perception. 

A. Moles, Théone de l'iixfornatiéon 

et perception esthétique 


"Twe been rereading Pavel Anteküisky recently,” said 
Vadim (С влет, “iach dememembetelletlieekines: 


What is memory?... A llartier. А хаш. 
Life iissstorddhthrerellall anyhow.. 

Sleeping at their moorimes aaeeleieddhshsps, 
Motionless, fixed ttotttherground. " 


A bbeatififlul picture. Quite impressive. In poetry, of 
course aaryybhingsipqsesslble, that5s poetry ffor you. But in 
everyday Ійќе.... Many thinkeewamavowathat memory is 
something like a storeromom in a picture gallery: 
thousantts of canvases lean against a wall — need to 
remember, pull one cont and lboók.... 

But who iistádotàOk? The canteemts answered: the sson]. 
But we lknowtlthat there itsnnccadul living separattlyfioom 
the tbaty. Also tthereismmonsahall “mam” папе топам һо 
watches with Hiisegyes aosort of TV ttotdakeatiotice of im- 
ages storedinnh¢the memory. In our brain there аге 10 
billion meyve cells, electric pulses of differemt frequency 
and amplitude travel fromorone to anodher, various 
chemical tramsfiarmatibops oocuin itethel Isedisdastlieotliee wise 
there is nothimg, absolu&dly nothüng. But we see, our 
memory works, and wereemenbbervewentlolgngastast. What 
then grwesfifsombheheyeye tte bbeiiirain? 
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In Нее Agest it was believed Шаг these ane iithaas. 
They (сғаеё] via qpticnaereesrahdcacourmitaite tire theereser- 
voir of the memory, which was thought to lliessoneewleere 
near the back of the Head. But again, the умот їе” 
explained nothing. With the advent of printing, they 
began ttotltininkháhat the tonamscorelehowrpdodecespmepres- 
sions of images. Even imtheel 9996s coraecieiedisistsrprehch- 
ed neeahjyththeasamdewew: visual sensations аге зазвотЕ of 
photographecppictuxes of what our sight catches, 

But in the 19th century, physiologists more or less 
understomuththe structure of the retina, and the opinion 
was widespreadtbhat from cath! інѕвеныіеесєеерріоопте 
nerve fibre comes to the brain. No "fideaS" any more. 
Now cameetithéeXexcitianonlirdlief”: it was corsithrettitinat 
the cells of the cortex respond to an operation of 
photorexeyptoss and sioeameggesanlektciripigtictere of what 
is seen. For а llomgttimeertisih yyyyibthesis appeared theeoohly 
one jppossHMe, it was suppoteecbbyhthererentest authorities, 
Sechenov iinppaitidalar. But still, it had toobddistiscdeded, 
despite iits aattaattiveisnplplicy yrahdiaiayity, when it became 
known thhat the retima has about 150 times as manyssan- 
sitive clemeantts as fftbres. 

Really, if images weretitrasisferredrcirothe thee eydhto the 
braim Бу Шве principle “fromaa point to a point”, the 
slightest disruption of the ffmnctoon of the aypiicnaerveror 
visual parts of the certbral cortex woiultinmarkdlilylidistort 
the jpittuee, so makinegreeoggiiüoinipopessihle. But in €x- 
periments оп ceats, nearly thneee quarters of the ffli»res of 
the appiic nerves wereseeveeedd, thus nearly diestryyingtlthe 
entire sstem. Nay, the canmads could ssiill recognize sim- 
ple figures, just as thefore. In mats, almost 90 per cent of 
the wisudl cortex wasracrovetdvNhitinout any effect on tthe 
mechanism of recognition, at least in tlhe coyperineemsscaar- 
ried cout directly aáféer the appenaiion. Such ssexeredüisinr- 
bances wauilüHaaedibpoleless] yldestrogitdhtheneneit'prtpeojec- 
tion ateni”, if tbeliateerexistédnineaBajity. Just try ttoccut 
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The retina: C-eonne; Rodd; P-pqsididel; BC-bigpblar cell; 
А -нашабпае cell; GC-ggaplilian cell 


not three quarters but only a tenth of the conmection 
wires in a computer.... This stromglhysspggssts that the 
visual apparatus funcitiions in ssomecothther manmer. Again 
we arecoofrfnonded itwithe tluesgoestion of how. 
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And again they сле to engineering for tell-tale 
analogs. Yes, engineering: it is simpler tham living 
nature, and ceaster to umidessiadd, and assnmddeleiegigiecer- 
ing aanblgigies are useful at a certaim stage. The entire 
history of science shows that whatever technical means 
were aavalibbielulurgnipethe lifetime of a pblyysnbdagist they 
were appleetid@eget an ПЕ into tbhefifurtotióngng of the 
organism. And as for opposite contributions, from 
biology tocengigerestyng, these are extremely few аа far 
between. 

Just look: mechanics had made its strides and 
everything iürththe orgamismbbggurto tee bencakesidbfedcfunc- 
tioning aacootdip go ic its laws... The cameraobbsuumraaoame 
in, and ypouidvaven anpexplünation for the weokking of the 
eye. Then ppieotegnalphy/avds drglught into ttleeppictire, even 
plates covered with a light-semsitiwe layeri-tlthe red 
rhodijpsm іп the rods of the retina, a substance that 
becomes Пет when expesetitódi bleht. With ttleeaddweent of 
the ttdlzgrqpph and telephonetbhe»brain/avdsklkedéd/ bynseme 
autihosstom ætebtpheredxohgnge, and tthenneveesdolebtctric 
wires. Eventudllyceamahthaiturn of television: the eyewwuas 
said to be a sort of transmitimg TV ceamera. Each 
phottorecgpoorsis ророіпі on ttleertramrsiittprgriseneen, in tthe 
brain welhavditheadils of the "treeeroot", and our memory 
is tibereeootidimipfof this “telesignal” ooncontkthengkt kee the 
Magnetic caappets of а aronpntter memory. A grapitcarahd 
simple rrepeesentation. 

But the analogy with television brought things to a 
deadllodk. If in ttheegyehthpiqiataie "isrhbrokien doin’ into 
electric jpilises, just as üntétdevisbon, them бог 60 years of a 
human |ilifeeaachfof 10 billionmeusons of the toaannvewoldid 
have ttoraemreiber six miliionbbits of infonmatoon, as was 
shown by BearWWaldtitedge of the Califoniiannktstitete of 
Techmallogyirnrhibis book Mechanisms of the Brain. There 
is потвеавопоо йош the correctness of his result. But for 
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а Ireewoortotcargrsix віх! тойо bits is exteenedyyddobibeful. 
Extremely. Andssohmtelteleisidrynorpetisesis, too, passed 
away ppeacd filly. 

Broadicastt television iisiinggenerll a lbpatiwezy of transfer- 
ring imigonaacion. Enomous powers of TV ttzassrtítters 
are, іп esssemee, wasted. For example, а pessarmpgppears 
against the background of а colourfíül carpet. It goes 
without saying tthat the Басе of the pessonirnhthisceneris is 
far moreiinppottant thantbheolyjbegects. But the TWceamera 
with eegmaél thoroughness records bothtlhhe face, and the 
background, and addsowitithqequal thoreughmeess tramsniits 
both of them imochtheiair. Just thimkabbout it: SO times a 
second theeaadnial beams out а smd! that carries infomme- 
tion abbaut the dtesg¢n of the сгарреї, а Фе щи Иа! can iin 
no way cthapge. If onlyweeccolldraransimnit it just once and 
concemtirdteoonhthecaetor. But modenntettevssooridsiotot yet 
up to the task. And soiit contimues to use this com- 
mumnücationcbhanelel in aahlibhiyinmecomoimibtal manmer. 

The visual system issdidffferent. Abowe all, it frees the 
picturecdf all extramemusimiforaation. The ffisst hints came 
in 11932 ffoonththá ntsriericah ystoisiglagist Haldam Hdaitline, 
later a №5 Prize winner. He шее retina of the 
frog cankirmaicho йо shisrgurgerise епт ай that each ffibreinn 
its optic nerve is a sort of telegraph line along which 
signals are tramsmittednotot from oone photorecgptor but 
fromnmayy at once. Eventhhis alome was unclear: why 
does nature need such a mess? Some “communication 
lines" tramsniittetsisignisls when 1881 was dlieettedooththe 
receptos анаан Ве, others, on ttirecoontrary, only 

” when thbere was no illumination. Hartline 
referreditéchehe first association of receptors as ON, the 
second aasODFF, and 9$ termimalogyssiukk. 

The ssignais from npevveeiti]s, when ppassedhtbrgugh an 
amplifier, resemble thke rolling of а Фиша. This way you 
can hear them inmmnybaboongemaldealingh with the func- 
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tioning of neuroms where tlivcsigigalals аге tape recorded. 
The cedliscoommuuinitatin ihethesmost noise-proof way, by 
impulses, which are also ggodd іп раг they aee equally 
suitable ffor tramsmiitiinggi mifonataoio frciroan yarec apecaptors: 
light-sensitive, smell-sensitive, sound-semsittive, and sspoon. 

Nature took its time іп ddevébppigg the most suitable 
way of intercellular communicaiio. In mollusks and 
other lower animals, infommaiion is handled rather 
primitively, by aangpiütddenmbdatlatiorf of electric ssigridis. 
Understandüál)y, any noise, by занес to орг subtracting 
from ausséfli signal, can diistott it, and soyyomucaarmdraltdly 
expect the ffállgproó Djpxpetation of the "texceuutveenmebhan- 
isms”. In Higtteer animals, nerves tramsmiit packets of im- 
pulses. The anpplitulde of impulses withinappdoket is com- 
stant, unlike tttedir number. It depends, say, on tliteddggeee 
of excitatiom of a giwenreeegptor cell. In «Нег words, the 
receptor comveritscexeennhl effects to mumbbess. 

Now timit we have muntivess, we can dlowribhttienwhbdtat- 
ever we like. Cells axeabbdexatot. only попа бота @@с1$ 
to numbers, but alsotéo take logarithms of them: the 
number of impulses imcappakket is propottonnhl, for exam- 
ple, to tthelbggaitithm of luminance. After sudhaamhblebbra- 
ic @perdicon, cells сар (ба any mate, in райпо і) multiply, 
divide, raise ttoppowersrahdxextract roots with imputs, and 
with logarithms, the task is just plain sailing. So, the 
parallel between ре Бгаіп аапа the computer is not un- 
groumdled, althoughiit should mot Бе purswektaodafar. 

How diongeuross, to which ssjgnádiscoomehifromeregtptors, 
do theeir calculating? ЕБог this purpose ceathcek]l, just like 
апу aattive element of а cconpputer, has its inlets (where 
signals arii) and comeooutput whence jpulses pectic otlther 
neurons. There are generally nmapnyinisiets, or dendrites, 
whereas ttieeecisibo:dplynenetbettlet, or axon. And so, for a 
signal to H»ettzassmittedoteeseverabis]ls, the latter bramches 
out. А meuonis's dendrites play diiféeeent roles. Some of 
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Шеш паке for excitation, as if flinging aawwigight оп Шве 
pan of aliaddanee, otlhershhmpgper the asttivigyofof the æli. 
Scientists cealll the aromatitibioron of each déenkditittotexexaita- 
tiom еехабуућъуѕ, a ере №. 

So Itongaas!thelgébebirascrsum of the sigmdisaat all the iin- 
lets iis Бома grpdedeterneméxy devel, at the оше there are 
no pniHses (stricthysppekkigg, this is mut exactly sso: many 
neurons have a "badkgroumkhcastivity", that is, without 
any input excitation they periodiicdlly send out output 
pulses owr the axconeititheto tchahedie the lime for malfumc- 
по or “to keepthke recipiemt cells aw&kë”, but we will 
neglect this featuxehhere for thessáke of simplicity). And 
once thedatatal action of theiinpüt signals has ssuppassdd: a 
certain thhreshlold, the reemoor!stislotots'pacipacket of pulses 
Or discomtinuesititbdrkckgnodndtiaétivity. Should itpputsrar- 
rive contimuossyy, our neuron will contünuombhly either 
“telegraph’bor keep silent, as agppoopriate. 

ON and OFF associatirons, or fields, as they arggengcdal- 
ly called, are fbomméddsecause the photoreegpoors, via tthe 
intenmetiiatereretiniylayers, are commecttettaoh¢elyargdinglion 
cells, to ceaathce#ll several tens or even Ihumidréds of recep- 
tors. Fromtltbearaniglaorelcell the fibre of the oppitimarerve 
runs to the braim. As for the intenmsäiate layers, their 
task isstóqpqyéoforfaifairlyngeimptleaxtiraatitemlatical processing 
of signals that come ffpambhthklghighesseniieivellsells, so that 
the braim directly receives the result, or rather ташу 
results. 

In 1959, the American physiologists J.Y. Lettwim, 
HR. Maturana, W.S. McCulllodhaadd W.H. Pitts [ошай 
in the гейша of the frog several types of absolutely 
unkmeowncellis — detectors. These с aaeaattiated when 
it is mecessanyto@ gernterveavanioupaphicifimproperties of an 
image. Some reeppoddothea houhdanydarywbetween dank and 
light areas, that is, tothhedsgige of ап objgect. Othersaare 
excited whhentitisis boumdlagyiasnimonotion, but dot саге 
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when iit is mmitonidsss. Yet others signal when withmththe 
field of sight of affogb's eye suomettivigesrsmihll, dark aard 
moving  appears-— a pray, obviously, a fly. And once 
"soumtitiing"ceowreslobeser — the reaggigg, it seems, is also 
one of the functions of the special detector-— the frog 
immediatly attacks it. By ее way, the same fly ling 
lifeless ontheespromhé isoomimgpierelgnipndred thy ое. гор. It 
will stamwetealehththusurnoimided doytayrtebbatable, but mo- 
tionless, flies. The frog’s eye is thus such a highly 
specialized aandhaiot very diewer apparátus. It tramsmiits to 
the braim infommaioombabout some properiess of objects 
and therdbypprédeteninises the actioms of the animal ac- 
cording to the principle “small — Ниш”, "large — take 
refuge”, and ssofcionth. 

The eye of more highly organized animals, and of 
course theehhmmranyeye, unlike ttleefiftgg’s, gives mo ssuthirin- 
structions. It reponttstochtherdinatneeydrythabp about a pic- 
ture which can be tramamiittel(Widithin the physiological 
powers of the wisudlappparatus, to lbessue9). It is а beautiful 
comumuriicdioorihme, but no arommmarider. That is why ве 
frog'*sesyeraisisddnmerquqstéstiotlsathgaveawevanswers. It was 
impossillle towagathelbeidbyedge fromiit to ttieevieisalal system 
of mammals. Indeed, the eatlesst experimentsoarcaathdyave 
indicateütlthat the oye of that predator, who Hasa зріріеп- 
did ffetingg of space, is armamgdchiaddolebely andiffdifferent 
way. Abowe dl], its бе ccomneatédvwitth ehm ggliglionlksells 
look absolhutdlydidféfentnt: not solid associations of one 
sign, but "twwo-stgp"ooees. Natmreddesigndd асі ёи as а 
circle withaarOQ Nr or OFF centre aamiduanxeateshal! field of 
oppesitefifurébion. Such #45 are able tobbripg out the 
con&ourss of an image, toeehhaneththe contrast between 
areas of the рсише that differ but insignificantly in 
brightness. A veepycgralibidedenronstüration of it was pro- 
vided iin 1P339bbyiltheasamd Чите. After Hisseeypeirimetsts, 
it became clear why “Machiss bands" come into being, 
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af Receptor cells 


Ganglion cells 


Response 


In tihercetinaiphotecepeptofsrfo am assoniations — fields — owing to 
neurons that lie between tham antl gangiioncetls Onesukh diffeldsis 
shown sstteermaiiadl)yhere: light stimullatesthbdnmteial pant (ON- 
area) to produca aigigrlal, whereas ttheeextennhl pant (OF Frarea) iis 
unaffected. A reevesse interaction of the areas is possible. The 
ganglion call irttegrates he ес and relays the signdlttothhd dateral 
geniculate Ноу 
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meee 


Responses of the cells that integrate ttivessegradisfifvonthth e алапа 
ОЕЕ-атеаѕ 


which aredddarkdepgest at the Hyounnldairiebdietweenreaeas of 
different brightmess in tiheppacture: the edilges aarepprddamtd 
by the visual apparatss for no apparent reason, just 
because iit is шін like tliis. 

It is very iinypotráant that the retimaceanlidistingulishooen- 
tours, because the contour contains the most importarit 
infonmationalabaut an obljgect, and weeaareldble tesixastore 
by our "inner sight”eevanitheolalume of pictures, especial- 
ly of familiar ones. Designers of TV ssystemshhaydohgng 
been us&imghihis property of the humameeyaotoatran&mit 
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signals with lboweresne gy aromsuntiption, to mmdicetlbhemleksss 
susceptible to noise. Soviet TV cemgineers have also iin- 
vented manryynmethdes fofnenhamg egmtonteurs, Yu. Braude- 
Zolottaraviriri ЭВ Ва\еаме 6 the methodliünwhihichnene of 
two ttramsnitititig sYtaranesds tsrterched contcesitrast, whereas 
the otbhher is dhgitihyddéfocusstd. Further, from tbharimgxge 
in fouas is subtraceetththe image cont of focus with ве 
result that contours come out sharplyaas if дгам буу а 
pen. In recent years, with titteagdeent of digital computers, 
shanp ddiffferereses in boigbhtiness — contour is exautlytltisis 
differemce-— have been foumd! using a wide variety of 
mathematica! techniques of image pppoeessigg. For exam- 
ple, the Americansspacssipiphdhat landedoon Mars used 
табель веа] processing teetimmqees: first of all, it singled 
out comtours of what its IIW-eyyessaw. Robots, too, view 
the worttdwidthhetieir “eyes”, invariably diistigginbhig gaon- 
tours. 

But the ttétevssionsyststemslidisisussedbabovelpnbelseok to 
imitate thhevwdrk of therretina, which itsoohlyhehstatanping 
element of the lliiingviisaàl system. То gait an iimsigltt into 
how tthe eye oppeaaies requires an understantinggofof the 
braim. In efffect, the musst interestiimgthhiggs started whkan 
in 1999-1961 theeAAmeécicaphphiydigiisgists D.H. Hubel and 
T.N. Wiesel implamtedlinmtahethesuisual areas of the пее 
braim aarmacrmeeltcoribde, an issolaeedwiireviith пакеакё tip 
about one ttentitbosmsadüth of a moillimxetreiirddiarmeter. The 
microelectratte penetrates a neuron and the experimen- 
talist records the signals coming fromththe cell on a 
Magnetic ttgpe. By chance, neurons weeref dom ch ithe hereor- 
tex teowhhibhinifuformamoanrmeametnot from seerd] humdiratis 
of photorccepooss, like ttogganbhlorreltls of the mttima, but 
from imanyythosasaisds at once. This outsianiigglidtsoavgry 
does credit to theenmevex¢xparimesital apparatus. 

Earlier, to fiintladifieldsacsoaiadeditwiahy angnglioll,cell, a 
simple чтит] was mequitred, just a shappbbeamfof light. A 
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bright spot ontbhecerren — that is whit excites (ONaadd 
OFF fields. Passimptco the cells of the cortex, we must 
present to theaamalal some mvoed rins yedtistinutlapip-im- 
ages, for example straight lines and rectamglles. But not 
just any зна “И makettieeceBll respond. Hubal wrote 
that it toak him hHoaurs of searchtechihit прош В боже of 
the mittiraacoommitedeu'iWithgaveiverrttortical cell аш се ес! 
optinrd] stimmili for this cell. The referemoetéctstiuiuli for 
each сей! shouiliibpynaumemeans be ttáàkerliüditelbi]y, though. 
What is meant hereiss that the rreeppoors of the meimauare 
commectesUtadchtheetelh inhiphàghert part of the tbnannithnogheh 
a multiütulie of intenmetliàte neurons. Owing to such a 
conmeciion, the cell responiis to oane pattternelekemrant or 
anatileertecisgleld it owt. Scientists aggeeedi а oefefer to ми 
fields tyythhmarame of those paat1 fof the wisudl tract where 
experimental microellectroldesiareriphpiltant ed stodst udsset hese 
fields. We have alreadbyddiseusséd the fields of ganglion 
cells of the гейша, now weewwill tumnteahthe fields of the 
cortex, and later in ре book умет acquaint ошчаћме 
with thee fields of theceélis of thellatezhl geniculatebbdyy. 

Ни! and Weest! foumiliürth&heoctentexrgiinple, complex, 
and sspperamplplekieftelds. 

The ssmppd@rses are “tunel!” to ssimgieoout straight thim 
lines. If such alihae@etin thetlepiregion of the retmavihere 
the field is locatedi, the neurons of the cerebral cortex 
stant “shrinkne?: “I see, I see.” GnedhthEnbrie isnrenedved 
fromththe screen, the cell is quiett, just like eaninididatating 
lamp. 

The complex fields take care of the diffferances in 
brighürness of the ttype"śstigight edge", “аш е”, “are”, and 
so am. They aisoagspohd hehehe the eytcloat chan anmoving 
objet, therdbyreesernlimnthahe Егор detectors. But only 
resemble. The signalllime сей Нач а thetherteartex, not in 
thereetina, and thhss is imdlicatvyee of the mubhhigigherooom- 
plexity габа flexibility of the visual apparatus of the cat. 
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Cortical 
neuron 


Response 


The cortiicdl field acombbineshthe signals fromthhegaiginortiesinal 
cells tostmgie out the strágbht line 


Fields lhaveebbeerfofouind that feel the Куре of lines appoax- 
imately in six ddggree increments thmouglenut the entire 
360° ramge of angles. Fields dlsoceisst that only see, say, a 
horiizonaal line that moves from abbowedaawnwdsds, while 
a wattoodl line that wanderstoo and  froiisigpnonéd. (By tthe 
way, inthee year when Hubel and Wiesel pubblighettittHeir 
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results, the Soviet scientist V.M. ios V ih 
Biilciple of am edlattonitic system "Sha. 05 ый siffiple 
geometrical figures no matter how Шс тб relative 
to ttteecooutiditatxexes. He was leditocc@oncliide that to Не 
able to ddcscso, the "electmeriiceeye" must above айй! single 
out straight lines and arcs.) 

The most fascinating, supercompptexfifabldsisimglewut not 
just lines, but line segments of а ceetaairletgigth. Minute 
deviations of the size are sufficiemt for а neuromsés 
respomse to be nil, the “lamp” does not tunn on. A 
microelectaktenaabithit a supecoomplexetbll whose ttakkisis 
to react onlytdo the іпѓоппаіфап comümg directly from 
both yes and to HeegpssHent if one of them dieses not see а 
stimulus on the screen. A siliíft of the microelectrede a 
tiny thit deepercor ѕіаемак гете ә а neumon that primati- 
ly respontis to the signals fromththe right eye, and a 
neuronnnekt toiit that primailiyresspodeds totbhe left eye; 
these neurons are the lamps that signal that an oblgect is 
not directly inrfrórent but totbhe side. 

Penetrátigg with them microdlectrodes to the cortex, 
Ну] andi Wiesel noticed! one more interesiingffaatere. It 
tunnsü out that fields that геѕропісфдіћнѕеѕ and brightness 
differemess of the typpe'stsergight edge" azeeaanrayegeih ihethe 
cortex aas “rodis” of cells. Toceathadd, signals coneefitnom 
the Вв that lie im about the saneepplacénshehetietinadand 
are axiéeneedd nimhtheusarmeammenner: say, they mespouldcd eever- 
tical lines and edges only. Their neighbour is arodd that 
receives signals fromtlthe fields of some other slope, andi 
so Фо. 

The ffedidsinnhtheocertex rum intothoousadss, humdireds of 
thousands, and millioms. By owerllgppimgonne anothers, they 
enabllethhe visual apparatus, using thke same receptors, to 
assess amd detect the mootion of am cblgect amd elememts of 
its comtour amd brightness and colour, over the anttecfifileld 
of visiom simultareoubly. In the region of the clearest 
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The fiidtdhhanaot yet "seen" the lime toowhhulht it is set, the cortical 
neuromoohly produces rare pulses of “background activity". A 


powerfull pulse traim comes to other cells all the time while the 
stimulus actsoanhthticfield 
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visibility — the fovea of the retima-— the fields of form 
are concemtrátdd; closer to the edges — the fields of 
brightness aandrmíotion, so tthat even lipyssidevissijonwwearan 
notice a speedingcear or a flash of light. These specific 
fields Ihavebéeerfofodnd ай all the mammilowwhidichk-ex- 
periments hhaeddecenondndadied. 

Fields areimbborntstrncteres. Their cells — “lamyps”hhave 
been found in the cortex of still blind kittens. The 
research wookkers, however, faced aappniripipallimijmpontant 
problem: how aare these fields orgasimei?? Are they the 
result of the wokk of the mttmaal layers wr else aressetionns 
of the visual apparátus intenmedidte between the retina 
and threcedeteinvovodddeb kerb МН ауе fihlelfiekgtshanything to 
do withppatterrecegogzimpidifaManiescitatists, for example 
P. Lindsey аа ОО. Nonman, the aaubhors of an aibssobbigg 
book Human lüfifarruicioPrBrocgss(g, are of the oppnion 
that this isseexactyyItheasase: the ppattmedsisraniatyzeth BuGuc- 
cession by simple, complex and superoomplex fields, 
whereupanthborbnamearaches а comilissenrmsatotehwhat ob- 
ject is befametlthe eyes. Theyddaatot prowidessppponiing 
evidence Нот this «ете, however, and ssothh@yord bienr-re- 
mains open. 

In the Labaratoyy, results have been obtaineil that 
enalble aaffalrlycooististhent and poomnusinghtlrgrtp te bencon- 
structellfóor the workings of the wisudl system. Yes, fields 
are necessary, but not only those just discussed. Other 
fields arenneddddsawevell, that аге yat more iimpportant and 
concennstwwitinonore interesting aaddopbdpiishteat édammage 
processing. Later imtithédsdokeweilibl Ibeliowkang at them. 


Chapter Four 


The Tree of Recognition 
of Good and Evil 


I saw iinL Goisisiana livliveatiarawünging 
АЙ alone зе: and tthe mossshhuggidown 
From thiebbranbéres. 


Walt Whitman 


In thee rooumwhherd\ Akexaind Me Wkaykayarkworks, a sibpeect 
is sittimpppeerngpg into the eyepiece of an apparatus. Не 
says, "A goat." Atitikk is entereti into the experimertt 
repoutt. The slide is changed. Another click. “A hand,” 
answerslke. А й, a slidtecthagge, a click, and an answer. 
А йек, азе, a dlidk.....The fifth, seventh, twelfilhssbb- 
ject... Day іп day out, week in week out. From the 
repoutts the ticks are transfereddoto grapth “sheets” where 
they are anrangelininhatmsins of poümts with aaveagedinines 
passing aamxidst them. 

Some ssubjgettsraneonot. told whichhpipictaschdpeyiliill see, 
others аге gien them to cexanmne befordhand. And адай 
the gatectilikks and agaimppeppdertryoto make out a contour 
in ttheeliibht square that flashes for а Ивана? moment — а 
sheet, attiaagbie, а На, a hamdi, amiipon, pincers, a wiin- 
дом, affaee, a gaat... 

A moment.... To produce and showffor а moment a 
pictuxeiis;egryisipkple — presta! This, however, would bbe 
а game, not ап eeypemimmnt. But in asadnious experiment 
this “preso” is mot that simple. 

Our eye its casyystem of ргофнтов 5 веачимиу. In № book 
The ye and the Sum, AcadleniidiarSSeggei Vavilov wiites 
that the excitatirontithests)idltbifor rodisiirvoblvddrinipight vi- 
sion issequiwalahent tothhe lumimaus intemsity of a ахиуеер- 
пола! camdllevidewdd fromaa distance of 200 Wibomeatres. 


Ch. 4. The Tiree of Recogmitiion of Good аа ЕКА 55 


Them thessection of retima, which contains about 400 rods, 
receives only ffvomisi» ten ten quanta, minimal lumps of 
energy of light and of electronngmeetic oscillations іп 
general. That is, for а pihootoreepptan tespespond, just one 
quantum is sufficiant, because it is highly unlikely thhtat 
not omly alll but even ttwo" fpartleies" of light would Hiit the 
same reeeppior. 

For а llongtitimehihiesekult, adeguátélysspnppordely ву-ех- 
perimenttsimnwwitichhelry eye fiartfact felt the quantum nature 
of light, seemed ttobbutatemaniractacle: just how dlitinnatuere 
сопло єр pushchnaeohechanism? The clue сапе Юст 
the latest research. A photon hittimpaalitibheesesisitEveetblb is 
like afifigger pulling aartgigger. 

The fact is that the wall of the outer member of the 
photoreceptor — а menibaane — is а mimmturepowatata- 
tion, a d.c. generator. As long as no quantum hits the 
phottoreeppior, the memibrame passes nearlyeeqaliyly well 
sodiumaardqgietsssiuinrions: sodiumffoonththeelell, робавві- 
um ttoltheedell. Eachicarisisnarleelestripachargeriearrier, and 
sotbhe generator prodiuxes low vobligge. The “firing of a 
pistol” changes the picture. Intbhe memlhbrameaa sort of 
valve appens, which skhasblynmereases the flow of sodium 
ions, and hemcetbhevebdtgpzs aselvell. As areesitlt, the iimeer 
structures of the phottoreegptor amplify the initial sig- 
nal — the photon enengy-— by about two miliooniminses. 
And the experimantlidist sees amtlihesssüilbospepsorsuerire-m- 
pulses — the reepponse of the lliglttssengitiveelbll to theeaar- 
rival of a photon. 

The dtescippitiomkakesuntukindenger than the aattahl pro- 
cess. After the "trigger is pulled", the signal fromtlthe 
phottoeeeppior is ffetitcoh¢he пешгота] chaims of the retima 
within thhreehtheasdihdths of a second. The most amazing 
thimghberésis that naturereersiains faithful! to thiiasianngege- 
ment in visual organs of all living creatures, from 
mollusks torman. 
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In consepwence, the eyeidsaapdble of noticing evemaan 
extremely short flash, provideditt is ролет enowgh for 
a Шот number of photonstocaadcihehetnetina. In tthe 
19305, the Sovett worker B. Kompameisky ppooeddhihis by 
illuminating обр јесі svwht hrael arlectripasjhairkairlaakdarkrr oom. 
At times a Паѕћ обГ one ten nmiiliootith of assecomid was 
enough {бог the suljgect to ppereevecaambpbgect and evermntdo 
assess iitsreBlef. 

Афине у, our conscience acamnot handile thksisitatation 
in sudhaslstrort time. Even ttoaambfifyhthe cecadeadgsignal, 
as we Ihavejyast seen, takes ttineectithoaratitths of a second. 
But them, some time is edisotalakehyblyethe nerve cedlisirin 
retinal layers, the optic nerve, andthhe many neemoons in 
various parts of the Муаам. In ttleenriddidle of the llast cen- 
tury, Helmholltvzffonddhthat the welonity vwibhwhkliblexoicáta- 
tion isstremmmsittitüedvever the nerves is axily380nnietres per 
second, and the latest research has only expanded the 
range of possible values: from НҒ а птифїте to awe hun- 
dred imeetees per second. So ttiaat the fflabh of a ttennrilllli- 
ontihoóf а ssecontisiagagaimsjust а "ffameer оп theerigigger”, 
and the “shat” is made Бу Ве entire vissull apparatus, 
which ppesssssss the important property of а sstoortderm 
memory.. 

This mermoryrattiams the iimegepperesivddhp sheheyeyorfor 
about а quarter of a second. It is because of this that the 
stills of a aiimemaa film mmeepeeirinto а ctomiimuoss picture. 
(Strictly spedkimg, this explanaioon of the «Беш of motion 
of people aaxid»ewortytiningtháhat is antlheceraeis isonot cor- 
rect. The pictureispmercenedonot only месо ёё сою 
term птавтоогу but also due to the higher parts of the 
braim: they coonstruct intenmediziteppsisitions of anoblgect 
between sstilis)) 

It was lixdiiewedleeatiher that an iimageidsetetaenicch ote the 
retina. The Hiremthpphsisilolgigist Cunet wrote imthbeiedd of 
the 19th centuyy: "Therectinddbelvaeves as awkibulolphoto- 
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studio, where the photegnapher comfinwously renews 
plates, adding to them new layers of light-sensitive 
material and erasing at. the same time the oldimmages.” 

Expatmeents, howewer, showed that there exists а anon- 
nection between the sharttteerm memony and the brain, 
not the retina. In order that the vision (not the yè) may 
be shown a pattern duming а time shorter than a quarter 
of a secomil, it is necessanytto switch off the shortttenm 
memory, or rather to limit the time of its action. But 
whereddovewünfind the switch? 

Cinema takes care of it. Let our filmbbe the simplest 
one, comsisiing of опђу нее frames: a netwotk of wavy 
lines, a ppicture, and again annetwork. Each ssuceessyeeiumgge 
erases the previous one from the shartttenm memory, an 
estallilisheekfafact. And whemaa mam peers into the єбуеўіеее 
of the apparatus of Nevskaya, the frames witha netwotk 
sort of opem and close in the shamtteenm memory, the 
“gate of time". The experimenter is now absalutelysusure 
that the man examiinestithe picture during exacthysso тату 
split secomits as it is presentedoto himffoom control com- 
sole. Ву the way, the best eraserissaa netwokk comsisting of 
all the objects shown inaanegxpaniment ѕирейіпрровёа оп 
one another. 

It has been shown expeximen4Hly that the reliability of 
recognition of а picture is depentiemt not опу on the 
duration of exposure, but alsoo»n whether or not the sbb- 
ject knows the set of pictursshhés isogaing btoslbewshown. I 
did not know and so II toak one humdired and fifty millise- 
comits, a nonmdl time for pamiidipants without any ex- 
perience. . 

And if thessibpject is ffanililiar with the pictures, his per- 
fonmamee is better. How much better depends on the 
number of picturehhe expects to see. To distinguish one 
picture out of two possible omes talkesffifteemnitiillisendnds, 
one temth of what is to be expected from an untrdired 
subject. Now we increase the numiber to four, and the 
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recogmititortitimis is doublet, with dint pictmresitt is tripped 
with ssixeeen, quatinphidd, and so on. What is behint these 
figures? 

It tums out that the дерепфепее is givwenbbyy the relation 
X = 15 loggY, where X is the recognition time in 
milliseconds, and Y is the numer of pictures that the 
subjpett knows may be ржевонёф tónhim. 

A logaritimmic funditon is a good sign. A living 
ongunism “prefers” exactly logaritimmic and relatet 
depanttenties to any other depentenciss. What is the 
physicd| meaning of the above fonmuia? Are there 
perhaps in engginedringedixeices that fumction accartlingdto 
this depenteng?? Ameaypert in informatoon theeyy comes 
up wibh a stumtriigg answer: "Your fonmuila is nothing but 
a desorjpioon of the treeityyee search system." This idea 
was first pulblishedrin the book by W. Glezer and I. Zuk- 
kenman епі Infonmatiton amddi kision. 

Atteee .... Suppose you are stantingg before a Hugegepibele 
of һақ, caps, jockey caps, fezes, silk hats, and so on. 
You осо know what to look at first — so ташу sizes, 
fashions, colours. You hold in your Ваш a yellow 
checkered hat withaa plume, and you need another one 
just like it. What is tthe simplest way of comdluctüng your 
seamndli? 

To bessuee, you cam take from the pile ppeece by piece, 
to examiime and to compare. It may well be that your first 
try willl Бе asauceess and you will hit upon what you want. 
The oppesite is aquallyilitely: the desiret thimg will tunm 
uplaast. It will take allot of time, and so the exhausstoon 
methat is exceckiag bl ynencoommnical. 

It woullibbe more adwisubéeráo make use of “key signs" 
of the thimgyyou are looking for. You know then alreatly: 
“yellow”, “hat”, “with a plume". 

Let us dlodtbeosirn&jng out based ontbhesdefeateres, while 
ignowimggalàl the other omes. Just look how quickly the 
amount of work shrinks after each of thesessteps, how 
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fast we adwance toward the goal! Schemafücdl, this 
“dichatonoon’s didisisiọn, that is, division aaccoddiggotthehe 
principle "Sgn — по зщ”, resembles a tbnanbh of a tee, 
and ssoththmetiatiddshas been mamddco. It is higly effec- 
tive. Thereissaa joke about catchimplioons іп Wfiteaisising 
fences: the сопе is divided in two, them the part 
where a lion is foumi is dividedlirtwtwo again, and so 
forth. Tocorifinelthe predator in acegge»5 x 5 metres, 40 
divisions would афо, altihoughtit&eoroiminentisfsurfaom area 
is meatiy380nillilliossguarüokilornetres. 

But backtto our visual apparates. Does iit really achive 
recognitiionatt the precomsdious level (noléggidsiyeyet in- 
volved — the time is too short) by travelllimgouwer the 
branches of attee@? We ccanclohéckhithis. Let us sttart in- 
creasing ttrenaminber of pictures. If the Ihypohesissisrueue, 
the recegninonitimebobtathedtia dheecixperiment will coin- 
cide withththe predlicitelloone. 

But the snagiss, at what stage are we emiildedotenysay 
"Emougli'?Hblowodee Waoknow that afterssomarineresse in 
the mumbber of picturestithelabepeedenciatoes not change? 
Experiment will then, of course, disagree wiithtltheory, but 
when iis “then”? In genegrd], there aaechbssts of various ob- 
jects in tthewwrlrld, and weepphsisidallyacamnot provide thhat 
ташу pictures, so that our experiment is an ddanger of go- 
ing amaninínfinitum. 

Here help comes fromththe least expected quarter, 
linguistics. Linguistssagy that there aroni wronediroushnd 
words that сап Боееаревей ine the fonm of commanobb- 
jects of thettype “bird”, *tea4püt;, “house”, “spectacles” 
and Ве like. 

Nevskayassays: “Thardfoee, if I donnot describe tthesaet 
of pictures to beslshomn, the subject may eexpett any of 
the thhogsadd. He wenkdhdatidlyigivbithis number, but his 
brain, drawüngooreweverygasxpopenience, is allreallyseet for 
this order of magnütulle. An 1пехрепепов в мас! seems 
to bbeppepeded as well. Ошу ће set of images is much 
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larger tham withththosevechbnknokerfor sure: today thegywillll 
show meetbhesegiBht well-known püttuess. Substitutiirgonne 
thousantifgor Y in Фе ffonmidgigieesiathenentime of reliable 
recogmütiiontdóelxboalbout 150 milliseconds, in aaccoddanee 
with ewperimeent. You areggoiggotæsċe it for yourself." 

“Amd how adioout 15 milliseconds?” 

“Tihs is the time requiredtdo divide the “alphabet of 
signs" imoowwo, nonmaillyunnegubl, parts anidcdectettct the 
one tthat containstbhe»bjejéct of interest to urs. The timeeree- 
quiredlffor опе sitpiürtlthétrtree of signs". If we have ffour 
objects, we meedlttwecetstgps; eight objects, three steps, that 
is, 45 milllixeconiés, and so on.” 

“Amd for selection оир of one thoossadd?” 

“It is still unclear how ве braim perfomms these divi- 
sions, how iit is guidedlimititsciotinity. It is clear about the 
hats — colour, ѕһаре..... We are guided by thkese signs 
when reegrnüzimg, right?” 

“No. The тат беге hehe gendrativenhdpgeageaof an 
object. Remember the eye of frog? It brings aut only tthe 
simple signs of objects, such asthhedgge, the motion, the 
size. Тһе юш] apparatus of higher armiimdisaarid of man iis 
capallileoóf extractiimgoeenerüheddigigns of pictumes, which 
merge iiriccec&amgegerngiatbidédhágeage. What do theescsisigns 
look like? AAnweninig ghihisgugstestioneisaesactiy tramin ob- 
jective of our laboratoyy, and inreeeent .years we Нате 
been workkigaat it. It is clear alreadlyttlaat when generdlyz- 
ed sipnsgget into ttleeslshrrtetermamemory, they dwell there 
for about a quarter of а second, and diuringltibisitiereahe 
long-term, or main, memory cálistitbelshort-termene, and 
compares its contents with what is aallálieirinhtlierigng- 
term sstores. It is this process that resembles travel over 
the tteec:" 

"Conseguenlly, if you present a picture for a time 
shorter tham a quarter of a second, you, as it were, 
disconnect the cconpparison pgpparafas? " 
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“Exactly. And then, the jgoureeyatot yet finished, the 
subject starts conjecturiggaahd makes decisions using aan 
incomglleteadbbhlattet of signs апі..... makes canmisthke. Ап 
umbrella, for example, may lbenmisthkeriofor a pencil, just 
because thkgyaiarb oblothoebanghted.” 

"But how, them, does vision nmangg¢oto recognize ac- 
curatdlyiim агівпе much shhborter thamnaajwpranter of а sse- 
cond?” 

“Oh, this is whdllythhenmiurit of the toaaim, an ехапрќе 
of its uncanny flexibility. Presemíingfdior some problem 
makes it retunessoaasd achthyevind hvempnrparisenqascquickly 
as possible. McCulloch, for example, believes that to 
make ieecogriütooreedsier, the lbráimcoonstmict а Inypatieetcadl 
generalized пиняее of anoblÜgject beforethhe image agppears 
on tthereetina. It is quittecblvwousltiat this iisttieecaase. Thkke 
for example, successfull mushroaompjikwers who бабе that 
in ttivefdoastst they ttyytd vivimlakah dhoseushushnoonisicwhich 
they аге after. Another evidence  favouiimg the 
“preiminayyompetanehs” of the braimwwas provided by 
І. Toidze of Tbilisi. She exttábblibhdd that if we areppreset 
to receive some infommuüiónp, the reception (езді 
becomes lower." 

“Why, them, dosiggns not interferewkhgü I see sewerdl 
things? I mowhhavérimyrgigüight this siypWlisstiaatdqpipeece of 
equipment, а «Нам, а ttdtde, and oohber funniiture’” 

“But you ssecthtramonot all at once but in ssiwceessoon. 
Simultaneonsppaergegperois jasjust ап illlision. The eyeiss, as 
it were, à “single-paittenti” system. It is only able to 
recogmüze one image at a time, and them goes over to 
another опе. It wouldnnot, of course, be appoppaiate to 
reduoethbewentd “patteri” to meam pipicture of some œb- 
ject. A “pattern” may lseaacevene. At first we idlentffyitits 
contents, and comyytlttentstelekements. I shall show youffive 
objects for a weyyskhrrt period of time ааш! you will see 
only cone. Later, as the eexposue&itimbeberemes longer, a 
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second, athitidd, andssoomn, will appear. By tthe way, in 
that case бог the perceiver, the retiatorbdretaeeeth ct hb- ob- 
jects is moore important than the objgettshtinmembebves. We 
have Herea gipüctwre: а ffoxcattotres a рее утуй retnet 
and a kidggeat stands nearby. At a 40-millisecond ex- 
posure aanmaanessesonatigjng, at an S30-millisecond exposure 
he says that “somebutlyrasmddosonicihing at somebody”, 
and ait 150 milliseconds litesseesththbinuttiyfiyenet and sonte 
animal, andi omiyatat 320 dhs he iillertiffytlthéofoX. " 

“How do yroueepblainhistis?” 

"Well, if only ffoomhtheiewpepoint of the evolution of 
the маи! system. To survive, our ancient foreffathrsshhdd 
first of all to sezetlthat “somebodyisdbilyiyim gosorhetigdy”, 
and conjyththenotintinditout the dittàlis: a tiiger ог albeppatd. 
Only titussewhho сою! despspanqhiqhigkly dangeammger sur ved, 
those whocoolddhatot sooner coridater met with misforturd.” 


Chapter Five 


When We Canmut 
Say A, We Say B 


It is important that а traffic sigm пееле 
be umiterstoatlatfiftst glance. 
D. Samoilovaarid/ V. Yudin 
Management and Sifftyy of City 
Traffic 


The building of the Labordooyyrere a bit off the road. 
From acbibus stopoone has to weakkthtbrebghvdlagdagel and 
them ppast the maanyipreimses of other laboratories of the 
Physiology йы Ше. From ttimd¢otintmoncimatkears a digg 
barkimg. To the right of the road, in opem air cages 
mongrel dogs are roaming. As far as intelligence isscoon- 
cerned, тош ЕБ are way ahead of the proudl canine 
possessors of exhibition medals, and as experimentdl 
animals for braünsstuddieshtlyeyrese at a [peeniium. 

The dogs are not generally ffdcbdbeform axpexpeniment. 
Experiments require some work to eam an appetizing 
morsel of meat. And living in enclosumes has alreadly 
developed ssomddtatsits. If at a ppretdetemmiadditimedagdog 
is mot given aabdolwl with ffeed, the pangs of hunger will 
become iintodderblele, and theeaanmalal will be camsumeetiwitith 
expectations. 

Whentlthe dog rums into the ring, it will see several 
doors with умее ата ров signs canheach of them. One 
marked, say, Бу аа cross, triangle, or any other simple 
figure, or just asstmàibht line. And beyond Бе door lies 
feed — а pre of meat, to s wüllowiüt just to whet the ap- 
petite ffurither. When thkeddggeeterhthingingxnext time, the 
picture will hang opregotbeher door, andlssoitit will have tto 
find iit agaim. Shortly, the diygresspodkds the bec pact ure. un- 
failingly, it hunties directly toiit, pushes the door aside 
with iitsnossenainhrearns another piece. 
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It is mw that theceopperirment starts. The horüzonáhl line 
signalling “meat is here" is now іп ее company of other 
lines, dififferenitynohicleded to the horizontal line, and the 
dog has to make its choice. But the dog does not waste 
time, with the same confitienee it rums to “its” door. 
Whateeer the anrargemeent of the pictures, whatewer the 
neighbouhbodd of the “meat” line, the time taken by the 
dog will be the same. In other words, we wiill not witness 
апу “trawl over the tree”. There exists an inbom 
reference identifcaaition power, for which both the dog 
and oursdivss must be ога | to nature. After all, man 
too recogrirzes the line of an adeguate inclime not using га 
“tree”, but immxeiiatejy, іп anmniinmial time possible, which 
is always comstant. For this we shouill give credit to the 
neumonál fields іп Шве cortex. 

At another stage of the experiment, the dog leanns to 
іеі уоиз іе bysanpimpigifigure. There is morefefererce 
here and the dog will have to select the picture among 
others. At first everyttingg occurs accortingg (0 ес “шее”, 
as expects. The visual apparatus goes thmough the signs 
and the more images the longer the ttimeddacadidgng tle the 
aboe logatitimmiclabepdadesce) required for the selection. 
Well, after several experinentts the experimenter will 
notie that améferenceviWill haweddevblppetboifor the figure 
as well. Yes, for the figure, although no fields in the 
visual systemféor this are prowitted for. How does the ex- 
perimenter find this ouf? Quite simply: all the pictures, 
besides the leanncti ome, are replacetibbymewneres, and the 
time taken by the dog toreeakh the desired door remains 
the same (shauild there be inore&ference, the time would be 
longed). Тїшє findiingbbylthwovionkers of the Labmratoyy ex- 
plains тату things that appeared] umusudl before. The 
аб ув pepariceiveraintinajnaig-meference, which iisapqrided 
dung trainime(cmonssuolsiy or unconstooubly), is one of 
the most valusibéeaapgnüsitmens of the visual apparatus in 
higher vertebrates during their endless рай of evolution. 
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With sudhaavwgay of identificatiionaalddcisionacabe bektaken 
during aaveeryhshort time, nearly iinaaeféfltototal way. Ac- 
cordingly, those who pp»ossessedsudch joyower were mire 
successful іп cevadigg the claws and teeth of predators, 
and imfifididimpheheir feed. The ttnaming-e&fenenesupppports 
the opinion of AcademüciankKKblimggorothdhat a shorter 
programme provides that more valuable infommuiion is 
derived, since Ше braimbhas a stegg¢ernegalaiitytyo ананар 
so thaat the most important infonmaitonmmayelierüerdved 
from aapisictwre in anminimom of time. 

In man too a tramingunferemee can be developed. 
Remember how eeaslijyya akskillettiwiriver takes his bearimg 
among tteáfificisignsrahdohomucuphiipáliny heye give girbegin- 
ner. For the fonmer it comes about autommimdlly, by 
reflex, for theliatter it is mwthlihke arosmssswbrd. But if 
you бум ВА уезеаг, a year, we will find ааг both aree 
equal, because the beginner will have developed a 
referemce. Using mdfereness, а prróéessianhl will in generál 
recognize hundirstis of objects, which {бог an ummiitiated 
merge iimtossomeéthigghsipepeiess, that requires reasonimg ait 
a logical level and pochhapeevenhthesuse of a measuiingiün- 
strument. Anman not used to dealing with bolts will 
beyond dtobbt confuse №ИЗаа ММ 6: they diifferimddiareaeter 
only lby22Qper cent. But ап aassentibjylilintdrahdiWill take 
the mevessany part nearly tby ffet], even iffttieereaarea dateren 
different types of рагі Ипа dcbox. 

Why ditithheyddevielop zefefereacerfor a Нивеа aldgy? 

А газзгалонег of the Laboritoyy, Nina Praadiiikovs, 
answered: “We w«artelitóo asneríaiwleliether ootnot there iis 
any differencdrinhthmaneshanisms of reference ecegnitoon 
of figures and reééecancecrenpgnition of lines. After all, it 
may well be that lines, too, a dog accepts after some 
traiming, and weejijsist fail to rmotieatit. We Ikmwappmrox- 
imately wherehbeaetebtal area that is responsiiteffor the 
reference of the lines with vwwaidans slopes lies. We pper- 
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formed aamppetimiom Ore dog eogerbovrethove this part of 
the cottex. After the diggreeooeerédirahdnentet ede tlingring, 
we at first understootinotitinmg. It seemed Наг there Haad 
been no operatiion at all! Our Polly, that remarkably 
clever dog, did noot fail to ssébett the familiar horizonttdl 
line. Andiíf we lkalinaot taken into aaccownt the пее of 
recognition, we would laaverremainédusarhahat the qpera- 
tion wessadll for nothing. But timing showedthhat the iden- 
tificationttore¢drdnonnene of reference to a'tftralel over 
the Цееё”. The line méferemee had been diestoyyed by Нее 
operaiionaaddenever appearedaanynmere. Accordingly, it 
was actually imnatenand so peeffett that natwe had not 
provided ffor а ssibsstittte of the same Ка is, for 
reference menggniiom). 

"But the traimmgiefferemce worked out before the 
operation remaimed. When another operation in the 
parietal lobe lraliddestopyédhthm enkchéansmspespobbi tite for 
that referemoe, the dog chose both familiar lines and 
familiar figures ornjyussigg'tithetree of signs”. 

“There are, thus, three different recognition mecha- 
nisms?” I asked, “The iinmáteafeference, the ttrammgreéfe- 
rence, and thke'tferée”?” 

“Yes, and theesedififffier not only imthhenmamner in which 
they operate, but also ünttieeir location iinthhe eerebsdal cor- 
tex. Each ss&ands by im case one aff the citheessídiàsl S. " 

“What developed ceatiter throughout the ewdlutopi? " 

"Not the traimmg-refererce, by айй means. Successive 
sorting owt of all the forms possible ankththeceromamical 
selection thythhénimmateferefexense: аге, undouibitellly, much 
older. In fishes, for example, and they are older tham 
mammals, there iismocooxtex, and tilvayccamnitither develop 
а ttnaniaggreéferanenoror make usse of the "fteee of signs”. 
The onlythinagithehdvave ihc hucsuecessiverSaptimgt out and 
innate references — the fields of gangliom retinal cells. 
Anna Kanas of Moscow Witivesssityhhas foundthhat fishes 
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easily ddistiggisishohiorizohtal and vertical lines, for which 
purpose they have meegpivedifidkis in tthereétiaa. But a fiith 
almost ignoresliimessat angles of 45° and 135° whose ffidliis 
аге but weakly promoumerd. Oneamonbhebld puppies, as 
we IiraveestsizblisHed, also make use of sorting out as the 
mainnmebhanmm of identification. At two months, they 
develop line references. Why? Because in dogs, like in 
cats, it is not the fields of ganglimnreétuial cells that are 
tuned! tolimes, but the fields of cells in the cortex. Ina 
puppy who is only a month old, the cortexhhas not yet 
formed, and so НЊееһікаѕ noreéference idemtifficatoor.” 

“What are ttieeppraótàtal implications of this discoveyy T I 
meantbhe redunttanyy of recognition dciasnisnis.” 

“Now we have, for example, given much more thought 
to expernimotzlal procedluees. In sttutites of development and 
decay of comdiiiondd reflexes, the maim instrument is а 
stop watch. It tells ushbhowqwjuktkly a dog learns, after how 
тату trairimg sessioms it rums directly to the required 
figure. Ор now, the tasks we позе бог animdlsweere 
divided into simple and difficult ones. Say, to recogiuee а 
triangle is simple, but to  recogmize am  irreguilar 
polyhetiipon is difffonitit. Now weesaee that once a ttnainipg- 
referemcehhas beem wokkdd out, the most difffirault praitilem 
is noléopger difficult, it tums into ameexeedüinplyisipiple 
one.” 

Ме I listened, it occurred to me: is the training- 
reference relasi somehow to the generülzet image? 
Might areéferencdchteddveloped pbysqunteserítüng; бау com- 
plex iimages that defy wwoodds, say photographs of allamd- 
scape? Nina Pravalrkovea was not at all sunpitivedwixhen 
she heart about my соојнесіевеѕ: “Му not? Of course, 
not for amy pictures but for some of them а mdéferencenmay 
be cestbbtishéd. Suchesppariments have alneatlybbeentatag- 
ed.” And she went om to tell me about expeiiments om 
recognition of the so-called! “statistics” . 
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These aressorts of figures, sometihimg ikceaarmlicidtlilalar 
chess design, but the lBiadkaaddvhihiteeliellzanerangenlged in 
a imiixed-upwesy. The dinassiis, by the way, not random. It 
obeys some strict, mathenmiüd], statistical pattem. 
Depending oonvkdtat fonmuilaoor synthesizing 554966085 we 
slip imtothhe@ompater, we will get a "tdiesss board” wihi a 
definite coddenfof image jpateenns, а “Ssurmamé,”, as iit were. 

And ddppeditiggnotnethe ratio of black toowWihéteeUells, a 
statistic (anyoore, regardless of its exrdey) also айтиев: a 
“first name”, a class. For example, class “75 x 25" means 
that 75 per cent of tthecetisaarevwhee, and 25 aarebblakk. If 
we deal with fiisst- or second-axilersstütistics, we cam ezaslly 
distimguishh classes “75 x 25" and “85 x 15” ог 
"65 x 35". Should ttieedififfierencecbersatialler not by 10 per 
cent either side, but, say, by sevem, we will gét confused. 

The 10 peer cent threshold is a “magic number” for 
fishes, dogs, and humans. This mezass, above dll, that the 
cortex dbees not contilbutedahtheagegogiutiofi of statistics, 
since fishes have по ccortex. What is more, the task of 
distinguishing ssáatisticssisvevenpup lbeebedilislihissmust be а 
very аашф ей! рго ею, if creatures that are so ffar away 
from ussiievelotionenareriterms are еи урвофаг at it. 

Interestingly, altheurhststási&t&cs are producetbpyorom- 
puters, the latter learn to distinguish “chess boardi”, 
much shbower than тап аа 94 highly o»ggaiueddirámabals іп 
general. It is sufffiiéemt to stinowa atatiatistio асв: dog only 
once ое! any arorí&esiorfoferever: the бурул unfaill- 
ingly ffintititheedasidedastatistincamotigpiother partiodloured 
pictures. But а ccompputer will need за! least 20 shows to 
achieve titressamddevel of efficiency. This goestodliliststtate 
that sometimes а llivingtihiggs isidigher thamaa@omputer. 
Where ао Һе centres respomiible for the recognition of 
“statistic pictures” reside in the braim? In the lateral 
geniculate Нооіју. This was dissowerrddiinhthe dbaboratory. А 
Moscow ssteenisst, О. Levashov, of the Institute of Com- 
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recogmize titeem 
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These computerssynbhesreekk eeonridonrtelestatatisticsgartisdistinphished 
even tby bees 


tral of the $38 ААхаету of Sciences, experimentedwitth 
electronic models and totallycoofifinmdethethe role of the 
receptiive fields of the lateral geniculate bodys cells in 
statii&iicreecggitibion. 

What everyday ppoblelemusummmednedchuchaameavete need 
of the diisciimiasioion of “chess boaxis'"?VWast obviously, 
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Fifth-oriter(déft) and eijghitheodde(r(pig)t) statistics slightly ет, 
but the &opeaankbbattorpiptutuses serio toe beahansame, although tthe 
percentage aff black antiwhitied intthents iditfifiterent. The visual ap- 
paradusiisuuisble to greagptthditliifarenée hipthigheartisanesetond- 
order 464145165 


the probkemisis a background. Our prehiüstoiücaumretetors 
had ttodidist;ngslisthisiyipgle fromnssand, grass fromnshhubbs, 
even att a dittameewhbenniididadial elements of the jpiatuee 
are йош to пайке out and the cyyeoohlyesees patpattern 
of light and дай spots, first- or second-ortter statistics. 
Why ami bcseuserre that there ageconiylyhebeser0Wo? Because 
higher order statistics are indistimpuithdide to mam and 
animals. At this level the differences are so umntdear, no 
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subtile dissitigpisishing of classes, “names”, is possible, and 
even sitátistieswritldidfiffenent "sunmaness"aureninixedpup. At 
the ssanecitime, experimentsindiiaetehthat the tonamisistdble 
to texkéntwtecacuount the sitátistiohl nate of pictures, and 
itself sseensstdd@cheouensttadted! dviloydagsoemelsimilar pat- 
tenns. 

TheaegphUility of amiümdlstealidistingalisitastutéstiussqioses 
the qpeesion of whether or not there iisssorneetelatüdre-be- 
tween tttissabbilit yrahslrstrange, altihoughfáasciaatmg, habits 
of some Ні? A péttnregqededesqrüption of those habbits 
was given byykKdrl von Юте, who meediectadNNodbel Prize 
for deciplharingthhéléthanggage” of the Wess. Males of one 
of the species of weavers, birds of the spanrowfdanyly, 
consümutt their nests by arffillNyweeaving sort of net out 
of grass Шіайеѕ. But, writes wonHrissbh, “the female iis weny 
particular. If she fiintgsthherahthiteotalral profiidiengy of her 
husband inadequate, she rejects his passes, makes him 
unweawe theenadst and а everything adll over again.” Ace- 
cording toalthecserntist, “the male qpenatenanot only lbyiin- 
stincts, but he also learms fromtlthe experiemce of his 
failures’” Yet more amazing are the habits of other 
representatives of the spamnrowfafaiyily, bowerbinds. They 
decorattetltbieir nests with "браНа 05$ of bright flowers, ber- 
ries, раш feathers, bottle caps, glass fragments and 
other bright thimgs the male happens to collect near 
human dwellings. As a final toudh, the male may eeven 
рами the nest inside with tbibeeryyujuéce, crushing bbarires 
with HissbBill. The wookKfifiisished, he sitgps backwantis, just 
like appaiteter castimg addstst critical glance гаї his creation, 
and wwilbout апу Heesitationezeanrgegévlewers or connects 
the ccótouripg." 

What is ome to make of it? Is it the beginmimg of 
esthetitc бек? Wh ymd WHY hhoshbnutd not a seme of the 
Беашій be associated with some statisticdl patterns? 
Speaking about beauwtifill products of art, we сап them 
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“propotioonats”, “harmoniom — you noditiee the hint at 
some units of measurements we usesshocostscmmlyhy? An 
important thing ITezreiislthtat for steatisiceal identificationwee 
donot need, like Sdlistj, to ddissett music (бог any obbher 
art, for that matten) "as aorpspse". We kkmowthhat only iin. 
wholeness, in midhmess of detail, is beauttyabbidcd omnnafafest 
itself in рэесерроол, but the essence of this wholeness is 
unclear: beauttyiiseblusiee, it slips out of one*shharldsardch 
time iit seems tthat the atlwetaót it is fonum. 

“Formulas of beauty”, conceived after the fashiom of 
definitions of thesspaarer triangle, not шЯецизиЦуавте 
tamtdlogess of the tiype''tttheessnse of the Паш 1 reflects 
the Heeamifaful in red] life". No woonkter the aambhorsfof the 
entry "Pfaeatififtilih thetheeGireat Soviet Encyclopaatiiappro- 
vide mocaatgguridal descriptiimnaaridnitsbeltlytty tesdiberibe 
the ffedlirgtlthat we experience whem egpasé doteosoniétiring 
beautiful. They maintain that “the perception and the 
emotiandl experience of the beautiful evoke disinterested! 
love, а ffedlmg of joy and ascemsaoion of freedom. "'Illvoy 
go antoaapy: “Фе emmotonnh] experience of the lbeautifill is 
disinterested exactly because іп it merge personal and 
social interests, mam feels that he pessonHlydbelgngs to 
the scotia! value aff the beeauififl!.” 

Now, if üt is diffitoult, perhaps ceeenhhp¢ielsss, to give can 
exact defimitiionobf the Беаш in words, why ао И 
not be supyposetilihat it may the ffonmidatédnirelierlangmage 
of matihematiss7NWill i Морг noted comedithat тайн 
“looks 11Мееаа/мае1б\у of сопуепйюте] languages altiaptddao 
express itdlaicosbippsitiat are dither impossible cor difficult 
to ceagpressininvurdsds WeWavhavee аіуеаау а that for all 
“tables” there exists the generalized iamgge of the table. 
Perhapsaidedoior “beautifilt’fdior all kinds! — there exists 
a generalized image provoking the same emotions to 
which ttheEBoyydlppatdie freférs? There ааветиаау 1809$ of 
such a possibility, We know that all our senses com- 
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munkate in the same language-— the language of im- 
pulses trammniiteedalskoanpenervietnetkorks. Could noot it be 
that the smillariyy of codes lies Неёіаһ асі that critics 
sometimes try tooexppeess their appeditiim of а pixe of 
art using the termimdlegy of another art and even thhe 
language of emotions that have nothinptdolodoitwwitle the 
arts іп ggenerbl? We thus have “fullHblouttedppaimgtig”, 
"Joudicoblorgs", “Фи soundi”, "carefireenmkblddy", and sso 
on aadd so fóodth. We all understank(dior ratiher perceive, 
everyone imooae’svownsfashjon) what exactly ttleeadrt critic 
wants tossyybbyihimempianhors. But doesiit mean thaat he 
managed taexexpsess the ist of the matter? That he Haas 
foumditthe fonmula of the beautifuP? But the generalized 
image of the beautiful piece of art (much like the 
generalized image of a photggrgpbh that we сапшш 
describe iinwwodds but easily distiingusthfiftonotbehers) is ex- 
actly peereeveebpy mandmber of the амепеююг a matter, 
and by ве authors of works of art, who aee generally 
unable to giiveaascsatfsfaotorebenltiuation of why реву 
this work, precisely Шаа touch of a Юте 5 бо ебвафеЯ 
in agivenppleee. “It is betttertbiiswwgy, thelxayorropilpaHyysay. 

This of course does not mean to suggest that the 
generalized) image is something mystical, that exists 
beyond time and reality of mam, beyomdhhis work and 
contadtswátitlotbther people. Nay, it evolves exattlyinnhthe 
labour, іп sotal intercourse, in ceaveyyblimgghthat is сан 
by ве all-embracngwwaotd "life". You ceannot othenwie 
explain whythhodéeaififul appealstochhmbdreds, thousands, 
or even millitons of people, who ssoneetimesirareepapatrated 
not only by thousands of kilometres but also by 
thousands of years. Unquxestiimnálée are the defimitiwrss 
given Hyyththe Russíam literary cctitic Chenmyshexsky: “the 
beautiful is №” and "Dbeatififul is that creatuxeirinwbihkch 
we see liiffessubhaast it shoulld beeaacootidingptounur notions”. 
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Well and godd, but who сапрріеа dediefinition of the mwe- 
tion of life? Titveseddifficnieiesanane becovenvonsengsing the 
idea of the gurerdirzctinmgge. What does itits maábhemtitidal 
description] bo&N ilk? Hblowndndheherencán it emerge im Нее 
brain? This is what we areggiiggotdisdissuss later in ее 
book. But, for thetimmebbeigg, we will pose ttieequestscion 
of whether or not the grrerálizedirimggerahtha lxaitraiping- 
referemoe (to be sure, not in the primitive formass is 
demomstraeecbron dogs) shed some light on the age-old 
issue of dress fashioms and sttyteirirgarenetal. 


Chapter Six 
Cycles in Dress 


Fashion, the pnautigeddesss, 
On tlieekkeeebdfeferthahoünkink 
Servant-girls атй dduthesses. 
Even ttoldy]s.snoiiisks, 

Fighting wuuiunvemtdndyy 
Sport their ined! cassocks. 


S. Gnevkoxsily (1770-1847) 


"This spring will be the logical contmunioon of the 
fashions of last’ year. Sportiümgsstiéeaad drdsessitfittfwsllwill 
be in voggae. The musst charactteimiicssilivauttttesrar&tfitting 
snugly, andss&tzigibht. The lengthoóf suits and ddeesess for 
all оссаѕіош issbblelawhthlenkmee. .... " 

Such п одар тап ihehesnassdieadia at least as many 
times as there are seasoms inthhe year. And each time 
modellers wiithtlbeaameehemeenencesssuns thathat the mew 
“dashmefiabmon, our tyramt”((Gnithevwokds of the Russian 
poet Alexander Pushkin) brings out the “most winning” 
aspects of our figure anUppersoalatity. The gament experts 
go ooveboaatdrynygng tatioatiionalientheowarrower or wider 
trousers, the shorter or longer skirts, and todiifthsbiseme 
functioned! reasomimthikis unendiünpgreenosxátion of the suit 
(not only the suit, for that matter, but also hhaisstidss, 
furmüture, and tlhe bodies of passenger cars). Some even 
go as far as to say that fashion-yees, fashiom, not 
style!-—"hàxbours in it the suiidl signs of a given чюй у”. 
Here weecaarordglghithrow agr our hands: the Height of the 
heel or the length of the skirt must be soxiidllyssigritftoant 
signs? Antwkhat if the menteess of different social strata 
wear the ssaneekkidels of skirt? 

Seriously, now, let us not confuse the large-scale 
changes that make epoths with wogue, which its comyliljpht 
ripples contlibeudztaosf of the wæan of style. Indeed, when 
sharp chhagees are toobbecseeim ihe tstglstyle of the diveélling 
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interior, the style of dress, the style of humam relatioms, 
the style of indumitid] design — these are sure signs of 
some social processes, shatteiigg counties, contimrits, 
and the very Фе. 

We have no diffüculítes in diüsstiggisisimpghdhe style of 
Ancient Greece from that of Ancient Rome, the Gothic 
dress of the 15th certtuyyirfrorthá neodeodenmism of the lkite 
191 and the early 20bhcwemtinses, the baroque of French 
absollutiismatat its height fromththe ascetic costumes of 
Crommadillss puritans. We know ме] what put an eenktoto 
the gile of rococa: the HrrenthRRevaliniowithiths atstaustere 
dress of the Jacabians, who preadheüequalality and pro- 
claimed the motto “Peace to the huts, war to the 
palaces!". The cumbarsonee frocks of Russiam boyars 
became, at the time of Peter the Great, symbols of 
backwartheess and reactiion-— we canhinald|etsarpuigerised 
at the passion with which the young Russian tsar 
eradicated them and introtiweed the European style in 
dress, manmgers and everyday liffe. Style dhrameddcomiptete- 
ly imRRsEsiafefter the Great October Revolutiionwwitbhehe 
black leather coats of commmiissass and red kerchüefs of 
Commumsst women being just some of the distimotive 
marks of the new ета of hummariiyy. 

Adiniiteetiyy, it would bea aulgdgar sociokogrsmtácesem in 
chamges of style omlytħbe influenze of social uplheaxdis. 
Histotiassaatibibatariqnitéeay fiwtslmftsyia tet ye tonthe com- 
ing of new mattlodds of weaving and prodluctiooingegenetal, 
especially of new nmakhingry and таке. In the 14th 
and l15thceentrieres in Westem Еш ре all the kinds of 
clotimpcwtsts, existimgeeven today, had alnemdüybbeen in- 
vented. In tte? Q(theoentyry, a mewssiggénithélhistusgory of 
the dress was initittctbpyechohnical progress amd! clothing 
indusitiees, which ppoddacelcilothes іп masss qwarntitees. 

As the tempo of life and information exchangeggiiadd 
speed, so ditthbelcingega $tyktyles. If in ее 15th and 16th 
centuniéesiüt generdliy todk neatly Sh0yyears for а mewssthde 
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to qeomee in, intbke 18th aad 19th amrtourisshiheyckecleasvas 
reduced’ to 25-30 yyeass, amd іп ШВе 20th centunytdo 10 
years. In cars ‘and houwsehdid appliances, the following 
styles dbomuinttédusuecesstvely: the "Coonstratcvisiststyatyle of 
the 1920-30s; the "strearilimed'5tylvle of the 1930-405; the 
onmaite “animist” style of the 1940-50s; the austere 
"classical" style of the 1950-60s; and lastly, the “space” 
style of the 1880705. And wibhireadch major style реше, 
fashion plays with its nuances according to the ever- 
champingnnedsds of peopl. 

What needs? To be sure, not utilitasian. Clothes are 
still used to cover nudity, the car to ride, the radio 
receiver to listen in(lhere we ignore changes associate 
with ppueblyengigireeerinigriavaticrtions, for example, the at- 
vent of transmitossdoepbplace vacummttbbes. In аа case, 
the mort] appearanecscervessam anceXeelient illustratiton of 
the hammory of fonm and conterij). 

Also, the dijyamisusm of fashionreéflects somettilimgnmore 
thantbhbeldssire of the pprodueefofor higher sdtes of the pro- 
duct (sometimes this motiwaiton, without any good 
reason, is ppresenedcdhaththmbndyidngifmgcforce of champe im 
vogue). Thereiss noddegyigg, of course, that at times a 
designer is simplyasskédoto “make it goodi”, to agppehl to 
the taastes of the conBsurmmers, andnmore frequeriliy, of the 
boss. Thus, styling пае егарреатаесе. But as ever more 
giftedddssigners appear om the scene, the products they 
work comt begin ttoaáfffect the cossmmercde greneatdrgiegree. 
And wiübhout notiicimpitt, the consumer falls uniter the iin- 
fluence of the esthetiicnmersts of ajppdduct. These merits 
evoke iinmmanenedesiiesires. The peéfaetoto badkoodkmadmed 
Problems of Design says: “Imppereepibblynihdusesies, and 
the exmonam pdeecombepieptamdent on ceshleetamernsizjs, the ma- 
tional system of productoorbéennsses ѕоирршепепееффӯ ће 
irratinoraal, intuitie, persomd], culturd], nomfiumttonnbl; and 
so itt is revealed that the ecomemiicsysstem and industiny 
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need mit only ssitereebbut also ее arts." In dhort, the iim- 
consistency of fashionaanswers more tealthesësthetic, tham 
to pradüicdl| needs. "To be modem” belongs to the 
category of esthetics and тога. 

“The fonmappppears as a specific sign,” write the 
designers M. Fedorov and Yu. Somow in their book 
Evaluation of Esthetic Properties of Commodiities. Really, 
mam рвегеёїееѕ thestlaape of anoblüdect, somehowoor other 
respoudis toiit, and this reflex issbbasédnantrntticath-+ela- 
tioms Hsttveeerp persoaialitandrttlethekórld of things, and mot 
things alome. Proffessor L. Petrow of the Leningradlin- 
stitute of Theatre, Music and Cinema maintains that 
"fasironias apspedial way of commnuriivátonrbdieteerenepeo- 
ple." The simplest example is the militany unifomm: in 
warfareitt tells att a dit$taneewhhás sppapprddobing, a Нет 
or an єпитпуу. Any aitieerinifüfarm, be iit stewardess, waiter, 
railwaymran, or policeman, is assgmthhat illustratestheern- 
tire wareeyy of relations of а wmiiéommeddnanawitwith аш and 
society, a sign that is very clear, exact, and hence 
ecomanmiicdl in tliressense that it comttessesaa/asist volume of 
infonmaiooriniit.it. And thheygahttrapdoptopie of any age 
group in general) by their clothes, hairstyles, and 
behaviour even æt а disshanee, as it were, give as&ignhl to 
other “birds of a ffeahbet". 

Accordingtad dtovomafidn&omov, in tteehhomabrdrin 
are worked out stamdlards of beautiful and ugly ttlimpgs, 
criteria that are dieiveaitives of man's individudl and ssocaal 
experience. On the basis of these criteria, we кепев Му 
subconsaipisilyeesitimat ehthestdsttietimenieratS of what we see. 
This, of course, does not exclude theepgassbibilty of revis- 
ing our prelimuümnayya&ítitimlet at a llater date, when weppoo- 
ceedttoa àodégrtal analysis. But at the moomant we ariin- 
terested innththetastdadards, not the rrevisoon. 

Stamdłarids- — that is anaattaaction of thellwpoltbesis of 
the tweoeggpxteteroeetéstietics. How clleseissitisisotehwhat we 
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1920-305 | 1930-405 1940-5085 | 1950-605 | 1960-708 


Each diecatietbhaldorinaant style in design athangsd(pastofof radios 
and cars) 


have just discussed wWütlththe workers of the Laboxatoyy? 
Аат у, the standards there were called generalized 
images and traimüngirffeeenees, and their objective was 
assumed to be not esthetic, but strictly practical (just 
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recognition). An intersstisepparátlel stands @ut: could iit be 
that the changes jm fashiom are a response to the 
emergence in mam's conscience of а traimingirdferenec, 
tuned tom gigeven, frequentily oocouririg£oforin? 

Really, earlier, when there were no references, we 
travelled over the “tree of signs” to identify a new 
silhouette. We diidiit perfectly sutsomsobnably, but still did 
it. And сои be that the discontimadtiomfof the “wkk 
of selection? produces those disagreeable sensatioms — 
discomfort, boredom, emotiond! dissatisfaction? And it 
may well be that the. first toggaasp such hints are the 
modellers, artists, designers, that is, those who, by württue 
of the wary wegaiiaation of their mentality, are adbetooffeel 
uneasimess sooner tham others? To feel and to do 
everythüng iintlttieir power... 

Perlapsthhen, love att first sight is ; just anotiherreeatition 
to thaat stamdtard, but now posite? 

Much conesstoammid dninsassdaiationitwifis fashions, beau- 
ty, and stamdartts. So the director of the Institute of 
Social Psychology of Strasbourg University A. Moles 
holds that. the chammowr unpleasamtmess of а man is 
“related todnsigigihifarant deviatioms of each element of his 
body from (нае commansckieme”. Recall the Spartans, 
who jpassetiad davpipitühibitinganen weavedothksthes of “col- 
our unbecomingtto men". Or Pavel I, that denizen of 
paradies, who wass out to lied! out everything: 


The ssizeffor hats — an iithwwith laalíalf, 
Hencefaxthddaatot wear as ywoupPease..... 


But, to summarize: it is high time to have pity oan 
fighters against the vogues, whoffzbht against the most 
naturd| sensationoóf man, against “tirediness” of esthetic 
feelings, tiredmess of momaetononss, familiar infommaioon. 
Of courseonne shoulkünnot allow ее pendulumtdovsiwing 
too far. True, it is difficult to detenmüne what is "too 
far". 
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Some of us remember times when females were not 
allowed tocen¢ater restaurarits іп ttoonsers. I cannatt forgo 
the pleasure of quoting оопа dadoak dasifashidssuéestwed in 
1959: “Sometimes we enmecontier in ве streets girls and 
young wonemilnrtmnoesers. But to agprearirinrorousers ihethe 
street, at а тие, ог at college iis baddnmmmners — it is 
considered improper. Aggitl or a woman тау haave on 
trousers оріўуааг home, when jpraticcnygsspusteror at work, 
if this is mossan." dremimiüsk&skirtsmgamedender attadk, 
them maxis, requiring, ironically, as a minimumnaa раш 
suit. “The female wardrobe relies heavily oon trousers”, 
melanchuallically esttuortsithe abohof Ё theelzarlier quotation 
in № $5 паз фол éashfastsions published іі 9974. What is 
going toobbeltabao at restaumuriss in ffiveygearssikahhtd to 
say. I onllykknowhtditat we are gomegtéhdavmonere of those 
purütariistécooutéeies. C'est la wie, as ttheeFFnecichayay. 

Incidentally, speakimgahbout the French ... the above- 
mentiomedlaaüihor, Petrow, in hiis Буюк Fashion as а Souial 
Phenomenon tells aniünstrüétivetstory. Luis ЖИМ, who Шу 
the wayissssiidct baka ye mrouonedcéthé Biaeestateeis foe,” for 
some rreasorhdiatebidiighnfematdriasrdos. But he onultiddo 
nothingaabout them, no matter how Неепінёа. When ве 
English enxoyLboddé Sahdwicmoame ParBaris with liiis preet- 
ty wiffe, who Ihmühher hair dome iow, all the Па взбаа( once 
followed suit. The lKingwwasriete. “Frankly, I am іпзешіева 
by tthe fact that when IJ, bringingtócbd»ar all my powerr, 
came out against those high hhasstides, nolbediyslsbwedd 
any dlesiretooppessenmbybghahgirginigethem. But now comes 
some unkmown Englishwoman, and suddemhy all the 
ladies, even princesses, rush fromonee extreme to the 
other!” 

"All you wrote," Vyacheslav Zaitsev, the foremoœst 
Soviet dress designer told me, “is a fairly ccoreett state- 
ment of what occurs iintbhewwcdrld of fashions. I woulld œn- 
ly like tooc@omerent on iitsralelénithtéhentontàtiuation of the 
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humanraace. If youllweeaaddrateviayed, you want to iim- 
press the object of your love. If, unfattumatbly, you are 
tummsiddown, you watt to iinppeess all the more. And е 
role of fashions here itscobdessal. What is more, mam 155аа 
child of natur. In surmoundügg nature, things change 
from sseasortotseeseason, andinmnraansaseWell. "Fashions of 
the season” аге noffrehk, but the extermal manifestation 
of the diesiet d ocnothetheanbangesuodcgrinngitinenatdre and 
inthhe humanoxgdaism, a desire to be in aacooddwiwith 
seasons, а diesiretitdeébel friendly ojàanees оп yyou. We are 
extremely sseniitvedct bohowe we àveklabied at, and woomen 
in tthitsreeppett аге tileenmost subtle jppeessuecgagges. Friend- 
ly glances stimuliteuas, bring fforthhthdedesite livelhaphap- 
pily, finely, a desire to work efficienthy-— this goes 
withoutt saying. The idea that one of the sstimmili for the 
change iinf£dshioris thettieetiresmess of perceptiionssesmsoto 
me ttobbexabisiatutelyngneniestidriable. You know, when you 
work com aaveweset of costumes, and thiisdlakes about half 
а year, mamyctidbhesidoonot seem as interestimgnnear the 
endaas they apppearédh thethe beginnimp. However, if this 
were mót so, I waultibbédroifréfled: do П really stppiimmy 
development? 

Here the author wanted to leave the subject of 
fashions. But his wife said, “Amd howalahout bad 
fashions? Whyatot a word about them? Ог, maybe Швеге 
is mossukhhihgap? " 

Alas. But the jpobbiem of what is goodlaandvidtat is һай 
in tthewwokld of fashionsissomorectdnfuded than elsewhere. 
One Fremchppeet said, “е truth is onoone side of the 
Pyrenees wihiltelikesuarerothd bepopjoesitéesiden? Omg thing is 
certam: if the vogue is used to stress one's alleged 
superimiityoower other people, if it is arrest of the diesire 
to show off, this хаззмеч ий Фи БА ура Фафиогие. This 
is because here esthetics ends and somethingaatsalutyly 
different begins: shop window, vanity, and sso on. 
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And talk about fashions is boumdi to lead us to talk 
aboutt the поезооа Ху. To seermoor to lse?0Dme of the pro- 
minemt designers of our days, George Моп, noted that 
the уж шне is тоумнайіп and no пиваетю те, and so 
it is umdieao tum а lyorigg, dull and miisenblidififeninto a 
meaningful and bright one. This is only uptedhthe mam 
himself. To seem орг to be? On our answer to ooussblees 
depemtis how ppepple will accept the fashimns we have 
chosen. In the final analysis, after all, for the people 
around us our fashioniss our words about ошчећмеѕ. 


Chapter Seven 


The World IFs Whale 
Up of Details 


Mix touteerintatdlftwur with fork until small 
clums [fomn. Stirring cconsambjyy, add cold 
water ttotlthe mixture untili! one ltacge bball 
forms. Refrigerate one hour. Roll out 
dough. 
Old American 
cooking reeüjpe 


Early imnththe 1960s AllffeedY¥drbus perfoimnertüeegpeériments 
that have neowbbecomel ciassiorfor those who ssonetinonoor 
other are сопсепей with the studies of perception of 
fonm amkbspace. The expretineemt sriitisiated largrgerseries of 
various sides, which aakiidddnmbct) oorour undersitantingg 
of what it means "tolbobletat the woot”. 

Оп three yye of a suthpect a small mirror was ffiiedlaarid a 
light beam ttnaedcdhbophphotogiapinappaper dheseye'samotion 
while ttieessojeftct was exammingghthpigicture. The ttaaeeyy 
obtairetiinrdisatéd that the eyedbeesinot follow tttrecouliline 
of am object (alas, even пом шп some books we read 
sometümxestbhat “the озу moves imaacooddarrce еһе 
contmuty), but makes strange, seemingly ctlhaGtiquimmps. 
As tilereeoodidigigsrarepgaperimgeosed «те onetlaerother, some 
curious patttermscoorm(eotbelight. 

The ffisst of them isstthat maxima of atteníionliBbetat the 
most impoxtamt centres iinthhgipictare. Specifically, a man 
ог animal is aliwaysggüiggotbebadnzheatoentrhdpiche pic- 
ture, even iifttleeppittteres idedeveded t£onsetinieth ніс bselutely 
differant, say maiureror machümery. Faces of реоріеаағе 
more meamüngful for us tham figures, and figures have 
more significamaetlhanledetails of the envinonment. When 
viewing га portrait, asppectaior rests his glance primarily 
omthhe eyes, lips, and nose. The same elements — eyes, 
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Thüs iisitbevwayeveawhtiefNüfertiti 


nose, аш muzzie— are the most interesiing for the 
beholdiar whentbbe head of ап айин! is digpteed. 

Such а “hierartiyy of values” is generally quite 
undexstanidbble. Yarbusswroode: “The eyes and lips areteHH- 
tale signs of the spirit of a mam and his attittutte to Ве 
beholder, of the steps he may undkertàke at the neaxt mo- 
ment, andsso on." The "shiffiimpeeyes" of a pressonwwith a 
guilty соовєізеоес, notedeevarininnaiecient times, are by по 
means accidental. The guiltyonne comoentnates his atten- 
tion not onlyoon the face of his commparioon, which is 
always of interest for a party to aaccovercasatnon, but also 
on the hams (perhaps their motions will betray 
something), pockets (amy weapons there), the faces of 
people sstandigg neatby (апу ttiebkswnheheir side?), and we 
immediatdly take in theesistragepeness of such "visual inter- 
course". 
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Yes, the movements of the eyes reélect our thoughts. In 
one of his experiments, Yarbus hadssbbgects lookaat the 
picture Unexpected Abrrival by the Russian painter 
Repin, with ай епі “settings”, andaakkddhthmrm tolselve 
varioussldggichl tasks. So уфа? Меп it was reegpieddoto 
assess the mate! status of the family, moreatüttemdéron 
was paid tochthiuftirmi¢wrel заъфЧауоц! of therppom, which 
попу was virtually overdodked. When asked to 
estimate the age of the personages, the subject concen- 
паві exclusively om the faces. Fast shifts of the eyes 
fromtlthe faces of the cthiddeenotthathe face of the mudther 
amd backteghthe face of the newcomer, and immediiztdly 
back, over the ssamepathgagain — such is the sdimtoon of 
the problem “How long waas the one who haddnatot been 
expectedlabbsetnit?" The disordetiywaandéenmg of the eyyssiss 
ап attent to remember the anrangemeent of the people 
and thinggs in Шее room. 

Unexpected Adirniah/ is а well-ksowmnpictere in Russia 
and abroad. And it is all the more interesting, that dif- 
feremt peoplieeexarieét it in aadidiffenent way. Pattterms on 
photaygnaphic paper testify that althowghththe elements of 
the scereadttratct the attention of different people genrenadlty 
in ttheessamevayagndrid dieatlear relationtoahths¢saiphg”, the 
patis of tracingtltbelelemtatsy bhethgeeyes diffedififerent for 
difffexent people. 

Evenyoreaees the worldiim a dififerent image, 

And everyoreeisis right — so much meaniingini. it. 
said Gothe. The individual features are extremely зав е. 
When ааптааю $9 $ at the ppittmenooy, іп tieeeddggsior іп 
a weak, the mirmor tells us that the path of his glance 
chamges but little. “Im essence, the Art is a mirror that 
reflects the one lookünginnto it." These words of Oscar 
Wilde гавесвотаениневогориетейфе а aaseairtesirtetgpréexpress 
oneself iina ananesboshp wyy way". It appears that they aare 
зирретееф y sosomibahocenepteriaenidence. 
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This is Шее way aaclohusss player analyzes the boardiwubetmhdie)(a) 
assesses tühessitasitionrah(b(b)dlooks for a guatinmove 


AssaomewWhat different techmiguee-— the filming of the 
eyes — was ussetibby V. Pushkin toogget an из intothke 
“tedhnobggy” of solving cthess рго вт: the path of the 
glance іѕішійсайуе of the wayinnwiwirichhehdhethsestapéayer is 
шит». And agaimweessee that the тооке d diodloecedytlibethe 
eyeballs is dependent оп (Ве “setting”: to findthhe solu- 
tiom — ome рашато, just to cewiluatehthe situatiienammhd to 
tell whose posiütienias stromper-— another pattem. Whem 
lookimg for a solution, the eye is mostly attmatted by 
"fumutüwally significant poimts” of the position, and 
thereforeldamgerereas of the boantiaarewopigittelynigedred 
by tbe glance. And when estimating the situation, the 
“fixatiionppiaints” of the eyes are distrilbutekhlàll over the 
board. 

The сївзѕѕряуег examines eathfifagerant of the pmositonn 
that atiractshhisatatteiinoforfor aboutt a quarter of а second. 
The same period of fixationinmeadadii(grdprose or verse), 
was moeddyy danbus and отаку, so that the dhess Боакй 
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for a grandmaster is imfdatt an apperbbdok. A quarter of 
а сов, as youraentebrber, is merethedifdior the shoritderm 
memory toocoompypartha lief infiorinatyonh whelstthesstores of the 
long-termnmemory. We tthis get anatileer piece of evidence 
in favour of the hypatesiss of the generalized image. 
Well, what if this time is too short becaurmetlhe text at 
hand is difficult or emotiondlyHàiden, and the reader 
needs some timmedctoumimamate and call back seomeassssceia- 
tions? Tihenhthelalanséciticks for а longer time, but again 
for a peeroddnnitijtiple of a quarter of a second. 

The volume of infomnzáteon tramsfereed during that 
fleeting moment to the long-temmmarenrpry is critically 
depemiient omagge. A sskxyyeareblds isnkynly able to umider- 
stand iim anmineatenot more than 70 waris, and га235ууваг- 
old sstuldant “swallows up” 340. Why? Because ttieeinfifiant, 
when readimgaa 1O0@wandl text, lets his glance rest upon 
sometitiimp229Qitmmes, and 55 tiimssheecoomebdokck tchavhat 
he Ihas just read. But the student stops 322itnmrekededsefre- 
чет у andi retumms53itinses less firegmetitty. Accordiingtdo 
the Soviet scientists V. Zinchernko, B. Lomow, E. Soko- 
lov, and NM. Sheklhtter, experiienceeenblslesnerte ¢ortsort out 
thimgs of secomiaryimmpxatarce, to conbimasseweral of the 
simple siigrssintit onenexuinpleigtsign". In astieerwexskds, ex- 
perieme changes the very alphabet іп terms of which 
things are identified. That is why, althoughtithe time of 
eye mest is essertíidliyttheasamin infamfantslandishisjents, the 
effectivernate of infommeatoomxesessing ihethiphágher pants 
of the braiminncreases drasficdliy. An ааа thimks faster 
than ася, not опђу даве toaahikigher general develop- 
ment, not only becauseaan афші5 memanyiss richer in 
knowledge, but also because the inner structure of the 
braimimmpresves and Бе ways of representiiyginfcionatatnon 
perceived byyhthsesens¢gengans becomenmore econamiicdl. 

Why iistltBbenimioror tracanyssostsiableA ffefter Yarburssseex- 
periments the ball was сапе on by the American 
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physiologists D. Notonaathd L. Stark. They were fixing 
not only theeoowerhll pattem of thettegee, but also Шесве- 
quemce of the tramsffers of the eye ffnompqioint to ppàint. 
Thessegpeeness tunmedioout to Нее, just like ttieepptaetesris in 
the experümerts of the Soviet scientist, absolutely in- 
dividual and extremely ме. In thee opimiomodf the ex- 
perimenitdlists, in tileefifstst encoumtterwátdtlaranbidsject, man, 
as iit were, feels iit with Њѕойапее, mapping out the pabhs 
of therpaurss. Іп ее process, the wisuàl memonyreetains 
the signs that charaderizze the object, and the motor 
memany, the sigredisfifmonthehey eyeaning ngisiiescles. Thus аа 
"circle of signs" fonms, in минета]! and motar in- 
fonmatiion interlace. Іа Ве next encountter, the "circle" 
helps iinreeagignizimthelpécpioture. 

What fonmal signs are charadteiistic of the poümts of 
fixation? What exactly diwestliheivisalal apparatasecespt as 
ап impportant featuxeiürietarsns of infomnatooa PIBhiliolo- 
gists titinkktltktat these aretitheraaeas of the хино еһе 
strongest curvature, infommativeffaggmetsts. A curiouseeype- 
riment was jyerffonmaddybihehemf'emenicarsereséuncher M. Ett- 
niv: һе suggested that subjects mark оп гаррїйшҥе of a lyy- 
ing cat the poimtsthhat іп theeir opimionanrehtheasiost im- 
portant tocoompreheddidhe meaning of the figure. These 
points tumst out, as it might be expected, to be the 
points of the maximal curvatureirnin givgivereaarea of the 
outline. The ssiigritist singled out about 40 such point пайа 
conmeciteiitiihemwidithtrsigdight lines: the piittueditinus bearly 
suffered, thectlariyy of recogmitironddidimot alter. 

It was jpredisdlythhis feature of the wisudl appaaratisitirat 
cubists suboansiionsslyexpipleided, they sort of “faceted” 
their images. Мапу ttethhigjqees of stylizatiionaarddsaskdnon 
it: in emiboüdderyviWittrossesses, іп cappet making, and so 
on. Shanpbeends in limesddaotot obliteratetitheofoft curves 
of the figures of people and animals, whichtkhhe master 
craffitsmanp pasesetsts. 
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The fittriiwceat: all tinelliressaaeesstraigbt, but we recognize iit аве 
same 


The maximal curvatturepporitstanalnidténtecseutsons of com- 
tours, thosenmakima of the function of infommatoonaon- 
tent, tell us the fundtanemnad] thimgs, such ass the araagge- 
ment of objects іп ѕрраее. This became especially clear 
when, because of the industiidi requüremmrits, scientists 
came toggmp withrobbsts сара of findimg their bear- 
ings iimsspacenandbtdatenimmihg dhengeraagement of details 
using theeir "eyes" — telecameras. 

“Does some lange object lie beyantitthesmiàll pyramidi?” 

“Yes, even ttheee: а llaggeredeblblóck, а ltaggeggeeerrwhrbe, 
and aab Бы ФО ск.” 

“Now put the smallest block on the green cube оп 
which thee pyramid! ssind«sl5. " 

“OK.” 

“And now pout оп ре top the småltsst pyramidi.” 

“OK. IP 

With whhonis iht вадою? ие? Perlapswittl a man who 
poorly disstiggisishesololosre ог fonms of objectsaaddvitho 
is being imntoddueddnintspspatial and adtomrdelkationspsps of 
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Fork T-imtersection 


x AX 


X-intersection liimeersettóon K-intersection Multiple intersection 


The аһ: nodes that exhaust the waretyy of conimur intersections 


things? Nothmg of the sort. This is a dialogue with аа 
robat, publlisinatiaas earlyaas 1970. Youssee, a "souilless 
ашёоттабой”, as were once called cybermetic devices, 
distinguistess colowrs, size, form, and arramngenenmu. How 
the machineaaceppts the first twosiggms can ggenezlillpebe 
сотр те. We ære now ме acquairttetwwithobolour 
television, it is alleonnot very Фс to meeasuedhthaerarea 
of the iimggeoonhthrisereen. But how about the ffonmaanhd 
arrangement? 

When ome thimg blots out another-— the conumonest 
case — their contussiritttersact. It would seeemtlthat this is 
bad: well, the eyessessoolyy: дарагі of ttheobhjeçt, not all of 
it. But precisely ttiissgervesItheisisioa dyody of very иней 
infonmatcon. 

At intersections, or nodes, may conveped woo, three, or 
more |lines. It has been castabikhhdd that there aaenaot that 
тапу ttypes of nodes, eight in all. 

Just look around you and you will see that nodes аге 
some of the musst important signs of the ФВ of space. 
An L type moddeldlasus that the ssufáaeestit separattesaare 
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likely тебел doffdiff¢rent objects. A "bbfursaomn" in- 
dicattes a «orveepgenee of threessuffaces of the saneebbdyy. 
But an "amow?, which ddiffers slightly ffoomit,it, suggests 
that two ssufdaeebdielgnp ooearjeobject, and вена, to 
anodierr, maybe totbhe background of the ѕеретее. 

Recogmiitüionruigesntntriadedédtartee chenpotmiputenanemory 
of arpbbot, prowideffor its oriemtatooriniapspace: lines — 
nodes — 2005 — surfaces — bodies — overall scene. 
Such iistltheletépiphiergmgethethaxbdisgdi bynapea@mputer. And 
how about a huma? Apparentyynodedes are very iinppor- 
tant for him, too. Makimngusse of them, he ttunnslflat pic- 
tures into thmeedlimensbonlül: ones, visualizimg (as a rule 
subconsiiosh}y) the anrangeneent of objects іп syaee and 
volumefforms of bodies. 

That this is the case is suggested бу Һе “imppwssible 
figures” which попту baffle the uninmititted. One of 
themiisPPenrosetsianglingle. A gliimpseaat it reveals mobhigg 
special. Its three angles (it may bee that these prodiuceitits 
generallizetliimgge) prepareyyodofor а wedllikmowrpipioture: 
a уфшина ата ваша в «бее тег out of threebbars. 

The situation, however, will becomenmoreorophplex, if 
you за! out to reconstruct its tilpeecdamansioaialtysüsyrigs its 
flat view. The brainddess not accept the reality of this fflat 
figure. The eyewveorldersverer the atiimeifnamnermperex to 
the otber, going eveer faster іп cacüirkde, giving mo сімеѕааѕ 
tothke solution of the protiem. The trianglessilil] remains 
outianishb, unreal. Why? 

As early astithreeccentimeyagtesDaseartes gave titefftiio- 
wing desoijption of the acegptance of a complexiimage: “If 
by way of indepentient mental operations I foumiütitheara- 
tios of A and B, of Band C, of C anti D, and Ву of D 
and Æ, this alomeddees not enable nmedotondndensdahd the 
relations between A and Е. The truths comprdheniddd 
earlier willnoot give me aaccmaatéiknolededge of this, if Taam 
not able toacranmbeber all the truths at once. To Hetbpithe 
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situation, I will fromtitime tottimegovever these truths 
and sstmuldatenm yniagagitiation simlsachag Мау that, once I 
have oomaaivenlopnddact, it will immediatdhy groosverd ohehe 
next one. I will go overthkeeproxtderenuntil I learn ttosbhüft 
from ttieefifatst link ttotlthéalást one soqginkklylthat none of 
the sttages of the jproeess will be "triitilderi'trimgmganempry, 
and sso Г will be aiBietadalakie initivitty myntnental sight the 
entire [p&ttueetat once.” RRametbbeththat the lbrámusises [ap- 
proximatebythliisssbhgmeotoonbntirol the mation of the eyes, 
by Шее very mwuiiéorihttiat Yarbus first recordistloorplpitoto- 
graphic ppaper. But inttieecesse of ап "Ниароо$ Ме ле! е”, 
this gearerállyiringpecdablenetietliddilfails. 

Let us see whythhisssco. The amálysisreegüirescomp:pa- 
tience, but eventually wewiillhhave our rewards: we will ће 
blessed withththe mysteries of not only Héencose’sitrighgle 
but of other "impossikleiimagesS" as well. 

Let the intersectümpssrfrfaces 3 and 1 of our triamplle 
forma T type motteaat point A.. This meansthhat surfaoe/7 
lies umdlerssuffaee 3. Now llodkaat point B: another T type 
node formed by piames 3 and 4. Accordingly, surface 3 
lies штет surface44. We mowppessotpopoint C: again thke 
same molde, which suggests that surface 4 lies шифег sur- 
face 1 But we hawejjmst seen that 4 may mot be шит 1, 
since 4 lies over 3, and 3 over 1. Consequently, 4 must be 
abowe 1, but the node suggests theopppe&ite! The eye iis 
thus in q@orfficct with ве. The eyessaysitiat all the thass 
ane perpemdiaular to one another, and logic says, and 
rightly so, that this 5 шрроз Чета aiánigingle. Of course, 
all of this whirls through the braim very fast, sub- 
consciously, but in general we Haave just constnucte a 
model of a device that, quite chtwvooubly, in medlitybbbhaves 
in ssomeeottdrer mammer, but essentially leads to thee same 
result. 

Where diowsegórdnoherhere? It appearsthhat something 
radical is requiret, that is, to discard one of the ffacts((the 
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Penrose:sttüriagigle. What is tihesseceet behind i? VWertrkahátd to 
imagine it аѕга Ва! one. But it is a three-dimensiondlcome, and oily 
looks Из weaybbecamselthpgqiainterievewbd it from a "ótiükky diagigle 


unexpected paradox is that superflwous knowledge just 
hampers). Cover with your finger any of the vertices, 
preferatlythheipyeper one, and yoouwwillvwitessssnamsinstant 
tramsformaition: the siitles of the ttrtáamblewwill “spring out" 
fromtithe plane of the page, makimg the pseudoplane 
figure into a three-diimensional one. All three bars will 
become пзеррепёто Шаг to ameeaamother! 

Tricks, such asPRansose’sitmahgle, have afftenbbeansetd 
by tthe Dutch ppainter Moris Esher. Not infrequentiyyyou 
may sseeinihisis pictures waterfalls “streaminguppwatsts”, 
some mysterüossbbilildiggs, a lladitierpgoing lalwayscdowim in 


96 How WéeSSee Witt We Sie 


The ever disscenkling:stiairs. Here agiainweetearldd оерев ата а serstruc- 
ture asaaidestd digare, althoughitt is арравешуулаю(. The ат 19$ 
due ttotteeapglér6rorwhittichewéewietetkteistainsl апірітервегресііуе 
convergence 


a closed rimyg. The sttramgeress of the- picture iisumrooverdd 
using the abbovdadchinique: you just cover part of the pic- 
ture, find usimgaseet square antaautuler the pots where 
the perspectives meet and then you see very iintiioade, 
sophisticated ttri&ks of the master. 

And mow wee willl pose the question of wiy man 
perceives the world im fragments? Why do we piece 
together the whole? We allreatiykkoowhdhat the eye is a 


simgli-inmage system, itt perceives objects iinssuceessjon. On 
the other hand, the communicationtit&meorvonctsains the 
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notion of a ffreqmanypduahd that a liimeiisablsleotoatrani&mit 
without any 50000075. For a tedkepnpptrichamiel the band 
is 75 №8995 wide, the пайига! reprodiettoon of a woteerae- 
quires a minimal band of 8,000 Неетх$, and the TiWsisjgalal 
requies several тот herzs. By amadiggwwmitihethe fre- 
quency bandi, the tthoagkhput of an inffomnadtionhananhel is 
measured. The uniit used Hecedsis not the Нету, that is, not 
the mumbber of oscillatiiorsspper second, but the mumbber of 
binary diggits of infommeatoon, called thits, for short, per se- 
cond. 

What are the binany digits? Апу number may be 
represeutteliaaswwoarsiddd аауромег: 2° = I, 2! = 2, and 
sooon. For example, it is believed that the human eye 
distinguiittessfifror2 25H 890100, that is, about 28, shades of 
brighitresss. The expomanit here siigrdisédndyownamgrbytbits of 
infommeaiooreaehch gradiooncororseopdnds: it equals eight 
bits. If there were a million gradioons, the “prime” of 
each of them woalddnmesasasearbarby2Ocbi28 bits. 

And further some scientists make the formel calcula- 
tiom: they mubiipplyhtsesinfofontrationtunits by tthennurnder 
of light-semsiíiweeblumetsts of the retima, and them by е 
frequangyaat whichtbhe image ppseceeredcbybtha hgeestepstops 
flickering. They thus arriweaat enonmoss figures for the 
througdipout of the wisuádl apparatus: from 3105 ОФ оп 
bits per secomd. 

But shouilütithis aritihmettcc be reasomdlke, coumter the 
authors of Infamnutiionaadd Vision, we colidd'pépericeive 
tens of millions of chauticdlyyddisitibutedldolack and white 
poimts; no йош, in tthrecoousse of the ewdlutionk! develop- 
ment there waanmoendddr for а syaitemwwitbushcin anoenor- 
mous throughput”. In ffatt, experümentsshbow that the medl 
figure llesssoormmewherbebetwieen 10 andi72dibsts per secondi. 
By tlxeweay, this ffiguecdsappriximatethethersame both for 
the eyeaaridofor the ear (for thleeegydtit is somewhat higher). 
How azeeunichostihall figures to Heeirireterpred acbreidisidering 
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that we peereéyee а TiWimmgge, whose infomn»át?on comternt 
is one hundred million bbitpper second? This comidactiotion 
is just apparsit, however. 

The absuxil millioms of bits of Што ру that are 
allegedly charatteiistic of the eye come from the for- 
malistic approath to infammtion theory. Meamwhilk, one 
of its pprimqpphl conceptsssiates that, abowe al], one should 
‘define Һе alphabet that camis the infammation and ac- 
curatdlyddéfine the numdber of charadtessinint.it. Only then 
сап орве take ир aasiHdeuterler. And if one ess this patih, 
the question immediitd]y presents itself: what have 
brighitresss gradionoss and the number of photoreeeptors 
to do with it? Is the visual apparatus really conceamerd 
with nmeiticideslylyatrsan som itogthto the higher parts of the 
brain information about brightresssdiiffierernseb chetwedn-in- 
dividudl light-semsiiie retimdl cells? By mo means! The 
braim receives the generalize image of what has been 
seen. 

We are now lift with ре following: if we present one 
character of а X2«lhwazacter alphabet, try aasweenigight, we 
will not be athtedoaransmit more tham five 65 of infor- 
mation (32 = 25) With our one thousand various 
generdivedinmgeges, the informational value of each’ is mat 
higher tham ten bbinarynimi($00024 = 2). Andssinedhthe 
recoguitiiontitime for amy of these imagges, or the alphabet 
of images, is 150 nuililkseoodsds, the throughput of the 
visual system will be ощу 66.6 bits per secondi 
(10 : 91550 = 66.6....). Where are those nniiiliosis? 

It is mowclkelear why our eye amhycatgbehes several frag- 
ments of appicture, theseceaniyigghéhe maximal infonma- 
tiom. The eye’s jumps thus make use of the limited 
throughput of the wisiadl apparatus to thkledrimhehmlostaksal 
infcirmaténrininhtheosdrld around us. The transrissitonrauate 
over the wiswa! chaud] thus tumns out to Ueecooststant and 
not very large at that, it conregponids to the eye's 
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possibiltirssaasian infomeatoon system ((jG5t as communnea- 
tion ddeiees with aavusinialbelecscamgingteabahbàke it possible 
to prodlure extremely ecomoniicd! TV ttnasrmsinission sys- 
tems; the first such system wwas suggested bpyhethe Soviet 
engineer А. Konstariimowsas early ass 1933). 

But what hapypenswádtlththesexagraBecfregtsents that our 
sight ignores? Perlmps we Фо not see tthen?? It looks likee 
that. Everytüliigssggeststs that the braim just inventstbhem 
by usirgtbhesenillillions of pictures that have passetibb&fore 
the eyes and left their imprint, maybe ssbboosricioshgly, in 
the memory. Тһе more capacdiisstlthetsteses of our visual 
riches, the moreconmjsletésis our соп} вап of what- 
ever new that comwsinmécigsipbt, and the more ccomppletésis 
our power of vision. 


І inhdleggreat draughts of space, 
The east and tire west акептіте „ааа ната aan dhtheaohtirannmeme. 


ee eee ee ee ee eee eee ee ee eee eee ee eee ee rey 


I will recruit for myself and youaas I go, 
I will scatter myself ап? mem and! womemaas I go, 
I will toss areeweclglhdness and rougihmess among them 


сосна ооо ооо ово ооо оч вос ороооово но вав ооо вознес ооо о росе оо воз з вз зо” зз» вос оо 


Now II see ве secret of the making of the best persons, 
It is toggoowniththpepen air andltoceeat and "sleep wibhitheardrth 


wrote Welt Whitman. 

At the samtitime, this dbees:not meanttoirimlhly that our 
vision makkes do wihh'pipieses of ітареѕ”айјове. The first 
impression is tested by other fragments, outlümes and 
volumes are refined by multiple passes alomg different 
райы, and зо acoomlptex, richiimagge emerges. So wecaan 
for hours view tlheggeeat camwases, retumiigtéo them mamy 
times over and notüoeaamauigllyhehe freshmess of the im- 
pression of а seeenimpyyfafaitidtar scene. 

Remember oour епсошпетумА АЮжайагя У узкауа, who 
told us about the "síngle-umagé"sysstem of percepiioninn 
accormitaneewkithvlwtlich our visual apparatus works. There 
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this property was uncoversilusisiggxpepenanients based ann 
one ttediniggue, we haxwejýjast come to ttteessarnearohclimion 
by eenéiüdemigg other experimentts conducted by diíféeeent 
workers. What can be better tham confümmráiéons coming 
from diisaant laborattside2? 

The ѕедоелі 1 natune of examimimg an image is also 
related toddeainging and prediction: as Ines been ffounldalate- 
ly, this techmiqueeiashthe quickest way ttotlt&gogbal. This is 
due to the fact that a whole visual image containing 
enormous infownratoon is sulbtvvddddbyshahe visual system 
into a number of fragments, subimages, and in these 
subünmgnss other subimages are uncowerstl. The Russian 
humos writer Кота Ргшіоуу statedwitith an air of 
prof@umdd wisdom: “There is no reat thimg, that cannet 
be ssuppassddbybygaeateeater thimg. Themeiistot a thimgsao 
small that it саши hold a smaller thing." By ppeecume 
subümmgessimo a wholeiinsge, the lyeánrmwyss constmutts 
hypatiiessssagsotwhahat the meskit will be. That this process 
proces exactly this way is indicate by different ex- 
perümrits. For example, two groups of subjectsaarelshown 
fairly unclear photggnaphs of geometiidl figures, one 
group is taliwhhiblfifigeses аге tteenmast ребе, and the 
other is not. What themi? Ао е pictures may be 
examined indefiirnietyy (in other words, the comppaisoon 
process does not discontinealabpulyths as was the case iin 
the cappeirimetstdistisssesséd the phevisrevebupteisapters), those 
acquadinteddvishtthahe prellmiirayyhyrygibehissis recogmiaeppic- 
tures twooor threetitimes moreeffifiziently, than those whbo 
have not beem given the “setting”. Clearly, this specific 
feature of the viisiah] apparates must always be tt&karininto 
account whem amdlyaimetthe fumatioss of am operacor. А 
worker mannigg a соштф1 рат keeps соль Шао the 
readings of instnumeents withhbss асю. For areeaurnent 
situaionss he ddevtiops stenextypddimmsevers. But in aaratare 
sitmatoon, thenmamayalye bevoeddaidered — theiimagege of the 
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situatifonaandhehespesponse farenféxrierilatiéddikttultifficulty. 
Therefore, operitoss, say ріфіхѕ, are generally ttraietdb to 
behave ppoppdyl niramaséusitiations. Mamudbsoorp шалап 
aircraft under commplicatedcaotidoiens not only tell how 
the plane is to be coomtobtled, but also show һе typical 
readings of the insstunmentssinimhghgtagraphs of pictures 
of the daslioadd. And althoigthyyowilill be dhazktdd by 
the sight of dozems of dials intbhe cockpit of а moodern 
heavy aaiccafft, the pilot camté&keéninllall of them. Our vi- 
sion, уі га] its dissakiwatugxges, is chosetoachthieldaleal com- 
mumicaioon сһашы), the cherisheü dream of all com- 
mumicditon people who comsitrutt their chamis out of 
handiwaree. 


Chapter Eight 
All Roads Lead ќо Rome 


In ffatt, there is mountümg evidence in- 

dicating һау, in essæwmæ, the brain its a 

group of systems processing injammutiiomiin 
parallel. 

R. Held amidJU. Richardis 

Organization of Perception Systems 


Has it ever оссшш=й! to you to wonder why at three 
metres, at tem meeétees, and nearby aaldggobksks like addgg, 
а саг а сга?? Why ddees alhossetat any аар е look likka a 
horse, and a big, medium, or small пиш тпай! look 
like mushhvoom? This property of human (andnnot only 
human) vision hhas long iumtterestédcseientists. They coàalddd 
this featuxeiügsdniancyror constanoy of perception. 

In Нас, we awmeqpt similar objects as having the same 
size; although their distances from uus may vary, and 
hence ttieeppyjejtobions of these dhjet pomhthetiatinal Wil be 
differant. It follows that there eexittscommenbahanista (it 
seems we just can't avoid these different physiologicd! 
mechanisms), that refers anobpjact to tteesaameotoinomdnd 
to thhsaamgegendiahiéchageage. Where Фев5 it reside, this 
mechanisn?? linhtheisiabal apparatus or in ttteehhibber parts 
of the braim? Is the acceptedinmegge refenraiitda givgiven 
image га! the precomsdioss or logical stage of processing? 
Or, perhaps, some invariant tramffonmaétions are taken 
care of by wision, and odithers by thee logic of the higher 
parts of the brain? 

We canaanewer these queesioons. Afteroaàll, we litaxessubh 
an unbiased! indicator as time. Just imagine that an 
observer has been ttamnddotwowonkthwitte finctupastures. He 
recogmizes each unfailingly, his visual apparatus “амі 
over thetteet” as is ипИваавафу doclock. And suddenly, 
instead of a ffamilizar picture, you siuywanütbtlrer: a jrixtturee 
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20 40 60 80 Time, ms 


Images of different sizes areiimatiniant for the wisudl apparatiss, 
which still chooses «ne of the ffiiveppütouess, not out of 15 


of the same object but now att anotieer angle or of another 
size. If for the wisudl apparatus this is just the saneeinfidor- 
mation, if invamiamyyststásts at the precomsiimssdesiel, the 
time of recogmifionwwill be theesaame. Vision willl have tto 
choose “ower the tree” aggain fromthe five jpittuees. And 
if the time lengthens, this will imply that the pictuxeiss 
new Бог the preconmsimusdevel of recogmititon. According- 
ly, the picture will become invariant now aat a higher, 
logical level. 

Nina Praatinkboua namrátes: “I have been wookkiggwisith 
fishes, apes, and dogs. Then Glezer ssipgeesedd that I аку 
with caats. I am not fomd of them, becaumsetlibyyrare dif- 
ficult to dłeàl with iinbéehadvieral experiments: Kipling was 
right іп зауми that the cat walks by lhinsstif. But in our 
Laboratoyy we diossameesestahchiwith them at the «Шаг 
level — пойитрадюе, I had то aggeee. Why sswhh avidéde 
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variety of animals? Titrenmainaessons in vavamancy. On fishes 
1 began myyirivestigigatisristintchatteether animals ааєсаара- 
ble of invariant recogniitiion. 

"ftt tum out that just to distinguish, say, a square 
fromadritnighgle, a fish ltkeanas по woosse thamaampape. It 
swims quadk}ytachehei тїгї for which iit gets ittsféeddiadd 
pulls wiithittsnmohtdt at a Ший. What is more, recognition 
capalbiliiess of fish in certaim respects are even more 
pronoumedd, and more stable each day. But the fishes 
cammut generalize. They quickly learm to distimgnish a 
black square fromaa black triangle, but just changetlhe 
colour toredd — and ewveysiinggvWill go toahthe dogs, the 
lesson H»gginsaggain. For a ffishtltheserarebabisatiyalit fdiffer- 
ent figures, hence they poessess по imwaidanyyofor colour. 

"Amd for а фои! thettráagblesrahallall the ssquaares — 
white œr black, large от small, against a light background 
or agaümst a dark backgrounk(alalas, dogs до пюбі distim- 
guish colourj).— are refenrei! tO the classes of “squame” 
and "trimnglé". A déggráraéridd do fgo for its feed tooomme 
figure of а ggveenclakass will also ggatotonany other figure, 
invariant fromthe pont of view of perception. Even аа 
momthedddpyppypy that has just learmeditio find its food 
dish, with cequhl ease learns toreeoggivieénimpages, his in- 
variant powers being byynmo means. worse than that of a 
full-grown dog." 

I asked, “Excusenme, Mrs. Pravdlükosva, but still the 
puppy Haasseenrihthsusimrodindiwgrbfdd for some timg, may 
be Itvehhas learmedlalll this there?” 

“No. We dtppiivddhthe puppies of the" oppottmitities to 
learm. We mearedtiteninin dark rooms whhiltethbeya@ddldonot 
do without their тойт. And them, when they became 
more or less iintigrenident and they ссоШа be weaned, we 
put them iinwhhitd фховееэг мій fd&fusellight. The whiitebbex, 
а whhiteboow! with mouniddédeizes, white porrddgarintit — a 
puppy Ihachoot seen assimgtebblaklolgbgect of the samectdass 
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and areuidnaot “lean”, could mot "sunmise"thaat this its thee 
same аем. And opiidywhbent it got into tlieeririggrahtbdbok 
part in treeappeniment was lheshioownvadpiosblbtackofiperes. 

“What һар пеп? Just imagine, such ppppjies in 
по weaydidi¢fedettofnmmicolstrols as far as their behaviour 
was concemmd. Their invariant сара нк were jist as 
well developed. They were eveenmmrere active thantlihase 
who Ihadlilieddintteder попе condliirmms. And ppehhppsione 
more detail is of interest: there were moccowakds among 
them, whereas amomgtiihe сопка theme were. And our 
"special"pppnpitesvererdodoingelell, just fine. It was atteeat 
to deal with them. Although they were trouibilesomee at 
times: fountteenppuipies, fourtwenergperiminial runs each 
day, but they kept growimg and so we had to do 
everything veeyyqujukdkly. 

"Tihsirvissiahl system g@ragss ПШ пе аа! once. Say, we 
havettagbht appuppyotoonume up (соз 514інакіатйерів and 
the next day, quite unexpected]y, we giiweitit а skeletom 
triangle. It would stop, wait a little — something 
new! — and them with coafifiderce make its way too the 
new штате. [t appears that it does seetteediifferertce, but 
the ttiaaggidar configmeatoortummrnsuout to meaaststnogrgén-in- 
centive. The samethhüngddpgppens when ssrzesoor contirasts 
аге cthanpedd. For appipppynivaniancy, at any rate in ее 
fonm weennmarpegetb tisciveover, is aninnatetthithgrg.” 

“But in mam, is invariamgyo gifift of natuxé?" 

“№ depemits. Themeiisaamunteatecone, an aacgineddrene, 
and addsst ome, so ttosspelak.” 

“я?” 

“Ехаайу.” 

And soll found out why /AkeeiiiliFhe Looking Gass 
House-— in defiance of Lewis Сап] — had no dif- 
ficulties imreeddig ghtherhahodiogkinpsdritedkbacHswards in a 
way lhixffititing ttbat" coumtyy. 

The fact is that our vision reeppodds differertt]yttonan 
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image ttum. Nevskaya has foumdoout that we meougrirzeaa 
horse ffoanththiefleft and rigpht in ttieessameirtime — а №028] 
invarianoy of the gemeendlieddningrge. But just try aamkdirin- 
cline thee picturessdhtltat the horse is groiggunpror down 
hill, and ygouwwil] have mew, nonümwariant images, that is, 
takimg different times to rrecggrüee. 

However, things are not as simple ass that here at the 
Laboritoyy. А pqwstgradtrate, Nadezintta Stefamowa of 
Bulgaria, has established: slight rockümgs, when tlieeslsippe 
is not steeper than 15°, are perceived by thke visual ap- 
parattusaasrinvdnisnis, and at larger angles logical processes 
take over, that is, the recognizimgoéf the new, sort of a 
search oyver the "treeoóf signs". Sort of.... Неге (Шееее is 
one substantial difference: it seems that the visual ap- 
рагалязпиав а yutusmhethictpietüréhtouthel usual horizonttdl 
position, and oninyhehedodoes recogmiütiiansttzsts. 

The Americans Shepamdamhd Metzler, who have per- 
formed similar experiments, consider that the speed of 
this ttunnidslahaut 60° per second. In wtteerwwadsls, it takes 
at least three seconkstoaaennguézth ehepsipsidewo wictpieture 
that appears before ypour eyes.’ 

And now wweacan travel through The Looking Glass 
House. Can youreedililyaaad ch eheenepapapeouysar shertiere? 
It takes some е бош, does it not, andthhe reading sppedd 
drops markedly? Soo, it is exactly ttlissfdatatuerw which дело 
inbomninmsys, but comes with eexpereenee. We Haavdokist, 
for good and ill, what we poossessed in caabty years. It 
makes absolutdlynnalidiffenence itdainfants whether letters 
are nomma or backwanits intbhe mirror. When childrem 
learn lhuwtdowwtite, some wuritetlthdelettersneneaway, others 
anotharwagy, it makes modiififienenceotindilem. Alice зош 
have no ddififialtitynifihdhe Loolküng«clhsss House reading 
the rhyme about Jabterwonbhy, because at her age, 
childrem have not yet lost the іпуагіапоу to mirror 
tramsiormaioons. Or rather, they lhaennot yet acquired ве 


noniümvariamyy. 
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We diistiggusbIsysymnietrátal and miiroor images lscaisse 
the braim can tumninmgeses, thamks tothhe cortex of the 
cerebral hemispheres! And shouldtlthere be some disar- 
rangement of it, if the iinvaréangyslsholdlücledost and suth 
pictures become indistümpuishdbiic, that would be real 
tragedy. Well and good, an affected persom will with 
equal ease meutlaaldiérdct and miirporumggeetdxt, but he will 
confuse 669ав 96096, 91 апіб6], XI and IK$, the lktteesswiiill 
not arrange themselves in a line as appmgpiiáte, and 
although he can write, уои would not be able to reedd 
what he thas writtem. 

The inherited innadarancis is the invariamoytdciaseze. As 
has been established by Seéfanova, large, medium, and 
small houses areadllitheasamifor the wision: the itknttiftea- 
tiom timeeisscooststant, althougthaall the imeagrescontitheetitina 
differ іп sie. In wher words, invariamcy heeedsiprprodéded 
at the 1611 of precomacimus, prelogical perceptim. 

But as ttoaaqqimédninvamancy, it is am aqppooximtüoiototo 
the убога! level, if only appreedrial опе. Take ssuthppasrs 
of pictures: а “palm” and aa'ftfist”, a "5sittimgidgee" and га 
"mnunriimgddgBg", a "teeappot" and aa'tétehekdetle". They aree 
generalized iinoour conscience ass “hand”, "dog"aarid'taea- 
kettle", and iinthitat sense auxreiuvwariant. But for the маи] 
apparátus, the palm aadd fist are different pictures. The 
recogniütirmnttimegrowstat once, if inttieesset of pictures we 
suddenily regbdaeemmeishglicpioturethxy otherpther, since tthe 
alphabet of visual images is lbyffar inadequatetdchelsetset 
of word-mutions. 

Science Наз$ dealt with іпуғаїдаінѕ for a llonpgtitime. And 
for a veryléong time it was consideredititimat the visual 
system агат сахарірі invariamts only Deeoause it learns. The 
innate ianwaniancyo 8976}2е, for example, was exxpláimekhsas 
follows. Dependimg oonhthdististance atoobjeabject, its size 
оп thbe retimaissdidiéfenent, and also diíféerent will be Нее 
^stimuilati»nppaeterni thetbeabrain. An ariimál or man aor- 


108 How We See Wirt We See 


relate thee pattommwitithhehe distamoe, and ne»wwweéahave a 
new, generalized ppaeterforfoemed, that is indepemdkmit of 
the dissaanedafahd hence of the size wf the image conththe 
retina). Bishop Berkeley, who initiated Berkeleianism, 
could поб! see атойвег ра. He таза ава only Шуу 
touching wiithtitsahdadsuddultabybabyerdlatszthef size of a 
picture oorththeetiatinaithvite &hgecibjecttsndistance. 

And іп Шее 1960s it was provedi that toudh 15 not the 
teacher of our vision, but rater on thkecwomirary. In Нее 
experiments perfam by the American physiologist 
T.GIR. Bower, two-manithobidbdabses were шкале, who 
clearly орозо correlattevidsahl andtaaciHe signals. The 
work ffdldoveddheheladsisstclsaimeme of condlitirometira&flexes. 
And whharit it was necessary tootitinlalatebabbaby, he was 
not fed, like. a риррууоюг a Witten, instead heevanplpladed 
with “Hoakku”. Suddenly ffoomundetethehebleble, a prettyyggiFl 
appears, smiled aadd said merrily “Кш”, and so бог 
such риа! food thhddabyekept partüciptirgirirhthexex- 
periment without going too desp. 

What did Bowerddéé HHeranrgegelif ttitferemesitddchtocks 
in sudhaawwgy that their images onthheatenmacbeénsilailar in 
size. And wüceveessa, blocks of equal size were ppostitonndd 
in suchaavwayhahat on еее а е су оо ioj projected 
as differenttssrerdobjbptsts. All the tricks proved iümaiain. 
The baby mever mistodkhhis “ом” соопто! block ffor its 
imitation. 

The baby «miid not be dterdivetibberasushcheioiewddlcthe 
world wiithbbüthyeyes. We praresivetltbelehiththf of space, as 
it is mxwbbBlieved, because ttheeririBht and ifft eyes see pic- 
tures iinazssorewwtat different mammer: not just tteeffagdde, 
but the sides also. This has been kknown for about 200 
years ago. True, there aaraddyvatates of the wiewthhat the 
depth, and hence the distamos, are the result of signals 
coming ffoomthihmuukelesibgingiirglime line ctbxécalptical axes 
of botihegyes d(tirerieése бопе bie genageildvbekteh}. seen). 
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This opümion, however, is ции Кебууафевенегие. Take, for 
example, the Strressoppe: the eyesaxeennot brought in line, 
the qtio] axes arepparldtlel, but the бре есі is there. 
By tle ssameddkodten: to jjuldgediistarese& dino musnlscknsensa- 
tion, a urriimeeralelàoiohebetwedhettiersibnals of muscles апі 
the dittanedssamquiced. As eathyaasl19999, however, Glezer 
prowedthtitat we essiimaate distamees from 3800to 50 tiimees 
тоге аяссша Му than muscle ssensatoormlbilosvssus. Finally, 
how coolddvevposmbtybbyrqréveeive the depth of space Ипа а 
flash of lightnümpg, should eweeytithig bebexpglapiathbg the the 
signals fromtlihe muscles? The flash beeiggosshahort, the 
muscles would Haaeenüntinte adapidapt. 

No, the фа о цз тит итниар/ег. A generdizectitim- 
age, tramsmiteed by the visual apparátus to the higher 
parts of the braim, is Поматааие in very mraryyp paranteters. 
The "life ecxjeeidenee'ofof а llivingthhiggonsistists exactly im 
that it learns acoreedg y d esestiatiavarvariantkl ahdidgstistguish 
when аа mushimomisis small becauseiüt is really пай in 
size, and whheeritit seems small because it is far away. For 
the ео sts tratabioth diveeeieteists ianaiamatehaechanism of 
ranging (Gtteahty, not in mmitees, but fromtbhealelàtions be-' 
tween aHjgects, and as arrestit of а charpgeinnithéfffate” of 
a Оі). 

In ttheebbaainhthere aatsalsthatheraia datécds vecds tto- deter- 
mine spatidl relations, say, to defüme the sector of the 
visual field im wiiothaamlybgect resides. This ffdlbovesffoona а 
variety of experiments. For example, in ве Lalbowuütoyy 
L. Leushünashhowdduhjbgecthapep&s for such askbort time 
that it was пироз аа odedtiiyiflye thietpietures. But all of 
them unfafanghgly detemminet whether “something” ap- 
peared ffoonabayeve or below, fromrigbht or left. That is, 
toeestimate the locatimnitit is by rommaurmns necessary to 
know wtlaat the obbgett is. 

Yarbus has discovemedoone more interestimgffeatere of 
the functioning of the visual system. He Haas established 
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that when ssomeihiggnovovingpeppears at the edge of the 
visual field, where wmreidsetet unable top penivivthelferform, 
one Shifts sight to ttleeob]»ject іп 150-170 тео $. And 
does so еххеррпоя&Йусассиеуе!у: a pause, them a quick 
shift of the sight, and theefdvee arth ret iret impo dks direct- 
ly at the ресі”. And ffmtiher, the eyetitraees the mvoióon 
flawlessly. What does Ш mean? Only Шаг the iirffonrm tion 
about the objadiss movements-spspebd, direction, accelera- 
tion-hhas been rreeeveekbdfeferthahe beginning of clear vi- 
sion. Motionddetectors have been f6ouddnithethe гейша of 
the eye of the frog and the dove. In coss, those highly 
orgamirzulicreptatueres, аррюуртаме neurons are located in 
the awex. This leads us ttocoprlokigle that such aedlis, ob- 
viously, аге [present in mantáoo. Nature, without a доші, 
has mot depriivednman of such animppdatant mechanism of 
identification. 

Comepeeniły, in the visual system, several chammls 
functiionsisimidteneshsly. One of them titrasrsmits general- 
ized images, a sort of information invariant to size, 
brightness, colour, and so on. And other chamnds 
traymniit infommatoonicepstedent on Нееорјьјасі, inheremt in 
it, suchaas size, colour, andssoomn. Andoohyyufüreher, in 
the ltigtiver parts of the lbrámidehthese data merge tto givea 
comprirdterssveepjvittsere of what opemsugrbbérfiere our sight. 
This thypoltheisiGGlexer put forwaxtlimnl 9966, and ttodayhhe 
multücdhanmet! nature of visual perception has taken on 
aspects of atheeoyy. The visual apparátms, actimgoarththe 
multidhanmél princiglie, is very compact and гает]. 
After all, size, brighitmess, colour, and other propatiess 
can be equally inherent in a tree, a camel, and an 
airplane. Chanredis bringimg infommaioon about these 
featurestoahdhbrbramamby don «озін cetativelgtivelplgimply, 
because the very ppoppetitikes (save for colour) are simple. 
Then all the jpomt forces camtakkecaare of the mzámnckáran- 
nel, that of fonm iddenfifiaaoion. It seems Наза, оп all the 
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evidemoe avyeidblse, naturcecooststiaieded our vision imeexact- 
ly tthés fashion. 

The division of roles exussinot only at the level of sub- 
systems of the wisuàl] apparatas. The cerrbbrh! hemispheres 
also miinttltbieir own lbissimess, each suliingiitssspeuifippriob- 
lem. This was hit upon by studyinpagmresias, “mented! 
Битва, With such mental derangenemis the higher 
nerwe functions fall out, the work of the visual 
mechariism, speech, andlhheariggrarBsdipgtebted. But these 
diseases are unumudl. Take, for example, visual: аспони, 
these are relatedinniither toreetiall disomdiess nor to appitic 
nerve troubées. The а їси persams experience neither 
excessive far-sigittetimess nor excessive near-aigliteethness, 
not infrequently they have a попи field of vi- 
sion-exewgithühgng seems tobednnrdeder. At the same time 
the patient does not recogmize his асдшаіігапееѕ, іп 
especially aantteasases һе weld not be abbtetc oayayhwdivose 
face is lookingdü&atylyt at him ffvona a mirror. In other 
respects, he is analaddotabelyomerimal man with sseeningbly 
no dievástions fromtlihe nomm. 

Somxetiimesstlihennmasecseebjedi$debs but does not recognize 
them, so Heermyayallall a Heel зоба, a pear a ffbower, а 
telepiixoreea alolhck. But he ss#tstlthararms of the atbokkc@or- 
гесу, ехасфуооп the time that the doctor indicates. Or 
sometimes he magybbenublatlenemaame ап obbgect withoutt 
towcdtinggitit. Or else, cam say nodihigg about colour and 
shape, but gauges size owrrettyy. Or агаш, he maysseddet- 
ters, butt takes themssimmblysas pictures, altho wthhhenm- 
mediüztdlyreamerhbrersmehreir names comedh bbasasateatdebitheir 
outllirewwithishis finger, like acleidld. Or he camnot read, 
does not recognieltetterbibut manipulaeeswett hidigsits with 
оби ease. Ог.... Perhaps that5s enough examples. 
Theseamre too mamy, and eachissa aiqiece of evidemoeiün 
favour of a ffáütyycepipiesousinsttiection of the visual ap- 
parattiss andthbe entire ppereppiio maueehianism. 
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With soneeaggnsisidoforsns, patirertsaareuatableto make out a figure 
agaimst the backgromrid of interfeiimg lines amd other figures: 
generalvzxtliumggeststedeid ihethmemurivoniesiasepimabparable 


Physidmss notitcstlaggosissas long, мегу long, ago. Their 
maim ffonmsvererdedasbadbed back in the past century. More 
sophiitiicatddxprepienimental techniques that have come in 
recemt decades hawe substanitdHlily expamnited the list of 
agmosms. After all, it is excepionnlilyitiffitult to umoower 
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suchsppeüüfic disordiess. Мһеп Һе retimaiislalangeged, the 
man iimmeediatlelpatütéses that his "wiimtbowiritit ehthie оаа” 
has become manower anddisedrréd. And an aggmokiacaxese 
may mot even miiediisislisease. He affeercwonipiasns, not 
always However, that he Кот some measarhárascbegun teesee 
poorly. It even lizgppens that when amesaxanmatatiore vealsals 
agnosiabbegouddngny doulbt, the affectelippersordodoes not 
want to bbetiievatit. 

Fromvivicims of agnosias and results of operatíions 
(sometimes these disorders are conseguemees of haemor- 
rhages) physücianscearpatet ап ittea of which вов areas 
takecomre of which ffunitioms. Drawimgoonhthe results of 
such works and om persomdl| obsematitons, the Soviet 

physiologist Elena Kok іп opone of her last books writes 

that "conontte and abstratt perceptions, to a certain 
degree, are separated and are prowideüfdor primanibybby 
difffexent hemispheres. In each of themthehere exist 
апаппіко у qeparatedssystems prowidinggfdor the percep- 
tion of colour, shape, size, etc., and іп ће left, more 
abstract hemispiveretithese ysyshesres canecom olietidisiinpth: pro- 
пошп ей,” 

And still, however conwincirgththe observations of the 
cases, physiologists hadthhair doubts. But what if the iin- 
terlmaniigpeerectetaimons distout the гие ppiotrseTliBhe fact 
is that experiments onaaiimlls have yielded eewidenee il- 
lustratimg both the enommmwss role of such relatimrdétipss 
and the пооеейнайевѕ of absolutdyiiddepedatent activity of 
each Heenidpphere. We т ег here ttothhéafamots аш огита 
cats”, so acáltekbdserausbethe experiments were ppefóormitd 
at the (Cáif6orimánknstitute of Techmdlggy. In tthelàatei 9960s 
the American physiologist В. Spennyssewertd in several 
cats theecognpusatiaHosym, a "ridge" of tens of millions of 
nerve fibres commedtime both hemispheres. After the 
opertioon, there were mamy expectations, but not that 
each half would functioninddepeiedently, as if the залита] 
had tewdbrbnains, which iss, in Бас, what happen. 
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How weas this discoweret?? By prowidinggcaometction of 
each eyveooh| withtinehenhenhiephere. Nonnmally, the rettinas 
of both eyes агесоотихёебеф eocbduhmtspimisphere: the right 
halves of the retimas are commedted to the right 
hemüspiterre, the left ones to the left hemisphere. If the, 
chiasm, theorosssigg of opiticnnerees, is чеха, infowmte- 
tion will come fromeeakh eye {бабе hemisplmreoon the 
same ssitte, ігше, ошу ffoonvmme half of the wisiaal field, but 
there is nothing to be dome here. Incidentally, for a 
perfíeit experiment this is mot a llapeehindidnance. 

Thus, Ѕрепуу галеты the conpus callosum and 
chiasm, with the result that two complexes, “eye- 
Ветер вере " were опий, each of which aouldcdbbeatehght 
toreeppoddb ic its “owm” stimulus. The left complex, for 
example, knew that food ldaybéeyahdhethe door with acor- 
cle, and theeigitht ome wasiunithsasameawabsabsielytedn-con- 
fidemt that it was hiddenbéleiihthehe door markeübby a 
square (to be sure, durünptlthe learmimpaasdd соті! ex- 
periments the “superfans” eye was covered with a 
paidh). 

But what will happemifif the cooppasathitosmin sevsesdred 
in man?HHwewiwWill the teenisphherebdhelvave? The answer too 
this questironcaamén ће herlgatb60960s, after the Amenaan 
physiolagist M. Gazzarigga and the abovementioondd 
К. Ѕрепуурріасъа under obsenaioom a patient on whom 
such an орегаісоп had been performed (neumpsupgeans 
thought that іп sswbhha sayáy it would be доэ$е to ssave 
him оопа sesenencemnaintal disontte}). 

No similariittywwith the cat was обѕегхей. The human 
braimppoovddrance more that it is aunirjquéoforatiation. Of 
course,  amnztomueh!| features common for all the 
vertelnratescookildonot be diiseggaddéd: therigéint side of the 
visual field iis aaceeptddbypsheliefleft hemispiterre, and the lldft 
side by Һе right one, But in everything that concenns 
mentali&y, the  hemiüsplheres exhibit their distimat in- 
dividudlity. 
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Take, for example, an apple that appears in thee right 
half of the field of vision. A nman withsswecedd corpus 
callosumwwillwitdtIvaxditédenceltall it apple, and willlreaddity 
write tHeewwodd, since titreldéft hemisplhesreiis esspuasibibl&ofor 
speech and writing. But just ат т the agqppiddaeellefteft 
side of the visual field Ва! is, make it so that the infor 
matiionwWlll only coome¢otthethe right hemisphere, and you 
will hear notthirgganddahave notlhingwwitittennonsleesheet of 
paper. Why? Because, as Gazzarigza and Sperry have 
obsemeü once more, the right hemisphere has по 
“capablliyy’tcior the wertbaél expression of infomnatoon. This 
does not meam to suggest, of course, that the right 
hemisphere is “stupit, it is just different. The right 
hemüsplhereiis dumh, but quitereeasoaalble: having reeadnin 
the left field of уіѕіоп ШВе word"Dpenitilihehe patient will 
find thiis обе by 8], and сопке ју, hawing ҒЫС in tthe 
left handi apeendil, he will findaa card with ре required 
word writtenonn it. And everytlhiimmpirinocuphgMete silence, 
althogthsammetatieses words are spoken, but unfortmnaaikly 
without апу acomneGtiototibda hitwsitioation. Gazzamiigawwoeote: 
"The patient may call a pencil put into the left hand 
(beyanütithe visual field) а сап opener or lighter. Verbal 
humdhes seem to have come not from the right 
hemisphere, but fromthhdeftft one, which diees not accept 
the objact, but tries to itthenitifytit fromiissrididectct signs.” 

In ве Soviet Union it is pyrolibbitédb yo aw ttanteansect 
the cooppusataliosuinténtiemtilpally. Soviet scientists betheve 
that the cosst paid бог the aure of а mental disorndlariis too 
high inthis case. Too devasitainygisis the damage to the 
human being. But the ceasermmaypebbathat in an attempt to 
save the patiientss life (removing a haemarthgge or a 
maligmant tumory), the surgeornis knife may penetrate 
those foribiilbenaransas. After such ап oppestition, patients 
are ssibpgeteiddo tm aspesipegially thoxoiegh examimaioon. The 
world appears before themirnm a fairly chamgednnwamaner, 
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and so Шезуум have ttobbéatgieht to att conrextilly imtltbieir 
new space. In adidütion, neurgpiyysobogissts obtain valuable 
evidence that sheds light on tiieesstreterere and fumciiiorss of 
the bram. In the USSRtlibese studies were initiated by 
A. Luria in the Neumgpsyuihwbóggy Laboritoyy of the 
BurdknkoEEpxpérinntatal Neurnocsupgeyylrktititate. 

The investigators of the labordtoyy always begin nar- 
rating their obsenaionss and comoepts with a small 
histonicd| outlime. Well, what was thougitt before the 
studies of the split bram? It was thought that from 
agnosminsstdidies it wouldbbe possilblletóc'orotrstruct an abb- 
solutely aacouzatecheimene of the araaggereent of the itthentii- 
fying syystems inthhe visual cortex. For example, here is 
colour, here shape, here size, here recogmüíion of faces, 
and socm. But the "splüt"bbraihahas showm that the qon- 
nections betweentlthe hemispheres play ап ecaxtesrelglynim- 
portant part here andobblaeatathehetaalual volume of prolb- 
lems sdivetibbyadtcheinspispieere. 

The identification of visual images, which had been 
tradiicoomdity assigned to the left hemisphere alome, ap- 
peareditodbdmheherent in dierigbht hemisplhereaaswwill. The 
visual infommaioororomeng to both hemispheres does not 
vanish ccompietel ynithélreghight one, it is tierepprocess¢dnin 
a different mammer than in Неее hemisphere. Differant 
prooessinptdekhnirmses brimg about differemess in thee end 
“рии”, that is, the infoumaioon that the visual conex 
suppliestoalthbigheher parts of the Юва. These diifterenees 
are mot absallute, however. The right hemisplhare, which iis 
not responsiite for speech and writing, is able, as we 
know aileeddy, to unridesstahd/Iwhat has been wiitten. 

The role of фен hemisplhereiüridieeifüifiGationeseems 
to be a legacy fromalll those living cceeatures that has 
crawled uppithevetolimidadiaider to put mam amtltbe top. In 
mamyreegpects, it has nathamaddtstSbébedstlWabiiabits. What is 
most impoutant for an carum? Td eosort out the ppoopprieies 
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of an object: danger-— no danger, edible — inedible, 
warm — cold, and so on. And it is exactly these 
сарай И 5 that are inherent intbhe right hemisphere in 
man. 

.. Cladlirinviwieite overalls I am siiititiggnimene of the 
rooms of alkiboxatorgt at the Burdenxolststitate. To tbhe 
patient, I атааі«ооѓог, and myyppasserecdodees not embar- 
rass him. 

“What is i$?" The doctor puts оппа йе fnonfront of 
the patient a picture: an oostnichs is rummimgtltluigh an 
Afrücanddesirt . 

"Domit know..... Sometihirgidsimmingng..... Here ... sand 
or water.... Maybe sky?” 

"Domit let us make conjectuess," the doctor calms 
down ttieeppátrent, “you'd bettertedll me wilztteveroocamr$oto 
you. What do yomrhihink, is iit a llixingtltniggeror not?” 

“Living.” 

“Right, very wall. But cold wr warm?” 

"Wamnm.... So smooth, like ffeabhess. ..." 

“Excellent. Has it legs anda аай?” 

“Oh, I always have diffficuilitss with tails.... As to 
legs — here, I see, it has...." 

“Is it large oor small?" 

"Large, larger than a man" 

“Wit is iit them?" 

"A Цреа? МЛАГЫП, no... A Н»еаг..... It is somettliimgauubd, 
fluffy. A вез, maybe: youssec, the neebkisisostorigig.” 

This rmansisiféfersdiroms ву eavdeeadgramgement of the lldft 
hemisphere, but using lisggmodigight hemisphere, he deter- 
mines the qualities of thimgs, divides images, supplied too 
him Dyyhisi si vier?nipiot ol ackasses Viag еррофрюзиерриовегиез. 
Divides even wribbout recogmizimgthkam. That is, he Фу 
іп aa way а! very mmubh resembles the “travdl over the 
tree of signs". But using tthosecbbsisiartongmans, the maniis 
not able toodilixidehthe entire "dBiphiatet of images" to Шве 
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endaarndotgetget totbhe bottom of things, he iisuunllbleo to 
name anobbgect. Why? Perhaps because eexatt identifüca- 
tiom is associated with the work of the left, damaged 
hemisphere? 

This assumpiionisis supporeedbybthahe examimatiions of 
otiheragpneisias. It tunms out that for the lkfft hemisplhere iít 
is iimpoordant that the рісошесоонактеф тоге details and 
Іоокейааѕз аҹ інгівѕ аю фзЫЫе. A sikedittorpipictertoifor him 
is aanunsisummoualilbbbsoltsitacle, an пќееуугітогортрітећенѕі- 
ble thimgg. Whereas for-the right hemisphere, it is meth 
easier if the infommadtoorisis more schematiic. It fails to 
make out а ssparcowrdrawnitwil all its feathers, but im- 
mediatdlytekkesria spapawoywveivinainymbyinbolic, especial- 
ly “tthiddeais’'sthanaemer. 

The multichamet] natureaaccommts for many aappetts of 
visual perception. The itteatummated out to Це of value Жог 
identiifyingddvidess, one of which wasiineattednih9T9 By by 
the Soviet scientists V. Kharidhev, A. Shmidt, and 
V. Yakulbowidh. In this device, the infommatoon coming 
fromaarmrüftiíidial retimaishiotekedpWdownointo flwesflows. 
Then thhes¢ Ifaiatvesitearroqussedssed diffarelifferent mammeg, 
deriving twockikdsds of infommatoon. The first kind of the 
infommateéorteitilssusabtut the wornifggurdtoon of an обес, 
that is, if it is а№юнчее, a wolf, or a man, but tells mattiiimg 
about the sszzeoor spacial arrangement. On tteeodthehdmind, 
the second kind of infonmatoon, although telling us 
nothing about shape, will give us all the infommaitoon 
about size, brightness, arrangement, and so forth. Put 
another way, the system ddemves fromtlthe “comtants” of 
the iimagessuklprppeperties that, fromtbhbeppinint of view of 
grammrarcoolidldecbeataledburaumsbleable, tree, cat, etc.) ad- 
jectives, and addvedsb¢ldigege, small, froma&bbowe, from thbe 
side, etc.). Remarkatyeenogigh, if a ccomppüter is taught 
these notions durünpiüis langmageldeamniggesession, it will 
then iddatififyvevercuchjabgdets it has never been shown. 
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For example, hawimgmadsterethethe notions “big hhosse”, 
“small cat’, and “ЯВ”, the computer readily identifies 
the ppitwnré $ЯзаНа! table”. 

So птамёһ for the multicivameell! nature of the wisaàl ap- 
parattiss. As for the generalizetimamege, so iinppotrtant for 
the identifficaionn of an object or an image, complktedly 
stripped of all its specific featuness, it seems to be what 
enablesthhe braüntegefefer to а] the tablesaas tables. 

It is anaatseraicmon of the тане. 

Те very akbstracothahat defies all words. 


Chapter Nine 
Library or Telebrary? 


... А olteurminidds isotlotigryitbut Hie ability 
to bbringthiwglghts together, to titeaateddy 
known iddeaswith hesesknknowideiteandita to 
express Шатттежиас! and «ват weorks. 


Around the end of the first year of life, alxblyyofor the 
first time promounees the word “mothe?” — the tiny 
humwancoreatrennakekes his or her first step toowatdoonm- 
prelbentingalzbstcüotions, to which weodds belong. But so 
far thediegeee of absiirattioon, the grapbbietweeneabityity dnd 
sign (@vcord) used teodelenote, it, is пин. For the abbyy 
"more?" 15 jjisst his owņ, uniquenmüther, while all other 
motiiessapradtot. Each 01 has its ownnnamerahtühctheere is 
по "dll in grereeedl". 

Another year passes and the word “doll” comes to 
meam the doll that the kidtakkes to bed, the one with 
which об ег childrenpplay, and the one displayedinnhehe 
shopwimtbw. The weodd-aunses to entpaaealall similar ob- 
jects, its akbstzatitiobebeingisaised to &lhigher level. 

Another year ог so, and our kid masters the word 
“toy”, which immbldees dolls, and buildimpbbiocks, and а 
plastücaagppliane, and ап eééectiic railway. The "power" of 
the absttrationn of the word has growm drasticdlly, the 
word now ddesetes thimgs that differ markedly in ap- 
pearameeamdd function, and the relationslippbdtetweren the 
tamgiillleimagge of a #іперрротесоёфууізітзюот ог touch and 
the word that denotes the thimg becomes ever more 
elusive. 

Finally, by ffieyvesrs of age ttieechHildichthveves а diggree 
of absiirattoorththat places himoor her at the level of an 
adullt. So, the woodd' thihgiglederotrsswnnev not only abljgects 
but also abbatrattormons of lesser ramkk — “toy”, "fumriituee, 
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"clothes", and so on. The ndlatonashipota monte ¢beagnage 
becomes negligible. 

This is lrowtlthe psycholagmt M. Koltsowaddescititeshthe 
development of speech ima ahehild. 

But пешеріууфдерів 5 ташинт that by four or five 
years of age the braim of add grows to reesembiehthe 
braim of an аай in avereryigigfiifioant detail of its struc- 
ture. This detail is @теаауиппие гу of {һе тег functiimrss 
of етт: and left hemispheres. Until the "tcititichl dgage 
has been rreabkdd, both hemisplhorssceamrppoeperperperveive 
speech and conti] it (the dil? brbrain veryeilyxfldxjble, so 
if the left hemisphere is дашарей by ssome disease, the 
right hemispiwre takes care of speech). But once the 
developmenit of the child Haas crossed  aacextataithithhesliold, 
the flexibility is gone, and so the right hemisphere 
becomes “dumb” for ever. To be sure, this occurs not 
abruptyy but step byssepp, but the result is exactly likke 
that. 
One may well ask, is the growth of the “power” of 
abstiratioon of the wodd and therrestnuatrinimg of the ffunc- 
Пош of a hemisphere a coincitieme or somethinpgmmere 
proffoumd? The workers of the Laboratoyy have camsveeedd 
this question in quite a дебщие way: it is not a coim- 
cidence, by по теат. This meams that.... But let us 
digress a bit and consider some hbssiniridal facts that will 
put what follows іп thee proper perspective. 

When aboutt a centunyaggo the Fremdhaathtbpopudligist 
Раш Broca((582418880) came tothbe comdiusion that it is 
the left hemüsyhere that takes came of speech, and 
discovered there a region, the destmmtoon of which 
dístuiisctitthepsieechufenmtjon, the "рейка ћепезрћріеге, 
fromresspect for suchaan important thimgaas speech, was 
called {Ве dominant hemisphere, and the "silemt" ome the 
sulbdtomimaant (subordinate) hemisphere.. (To а certain 
degree the tenmindiggy is responsitte for the fact that 
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researciness concentnatdd on the dominant hemisphere, 
and it has not been until fairly recentlytlhat they have 
found out that the subdionimant hemisphereisswelll worth 
studhyingaasweidl].) By tire weay, in arigghthhadateheliowomi- 
паш hemipplivereiastthtefeft опе witha pipbabdbiity of 95:5; 
and in alééfitimadater the matedsismynB5365, that is, domi- 
пати is mosshyyhthe right hemispinre. For some unkmown 
reasons, there is a ргешаитоюп being a 1ей-№мап ег in 
some sports that do not requimenmublemhdamaece and pro- 
longed pphsisiaal exertiombbut ratlher place heavy cdtemadds 
on reaction, for example, in fencing. But since left- 
һаш ъз are a minoniity, in what follows we will for 
simplicityreffer to the left hemisphere as the 'spediünmg' 
one wiilloaut, of course, forgetiingthheertal state of affairs. 

Lom befarethhexmaqanmenby byzt&xarzarigd Зин реггу, 
which madetlthe fromt pages in thee 1930s, electrattieraapy 
emnergeui-aa treatment of mental disondiess comsistinginn 
passümgaawwedaklerkrotalcal сштеп through both hemisplhe- 
res. So, this treatment curedhhHlluchtàtions and remowed 
the ffxeetiddea of suicide. But late iintltbd 99605, Г.. Balomov 
and V. Deglin of Leningrad, USSR, noted! that a crureabt 
fedtóo one hemüsplhereswwtüdolhes it off, leaving the other 
hemisylierretáoüàjlyror nearly toodHiyinnfáffesied. Durimg thee 
treatment the patient remaimscoonsiious and cam ewentálldk 
with the doctor, that is, take part in the experiments, 
which azeclàll the mmoeevalahbáe Фп ийе the braüm sspparated 
in зи avayalyahas not been dhamggddusgigadally. Their ex- 
perimental findings Balomow and Deglin diesciti:bddnitheheir 
boak Hearing andi Syeeeth of the IDamiiramt and Sudbilortii- 
nant Hemüsplheres. 

Amazing thüngs have been revealed. Above all, the 
hemsylhwres very closely interact. But the interauiiwn is 
not activating or "helping" in nature as might be ex- 
pected, it is inilillpibory: whem one hemisplhercisslidatdblied, 
all the fumatioss of the opposite one become much 
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keener.. (Stricthysppekkigg, а meeasuee of тишн! assistance 
does exist, but we sill dwell оп 95 а ФИ later.) 

If the right hemispirere is suppresset! by ceummett, the 
burdkmoonhthefleft “spedkingg” one becomes lbageer: а man 
becomes very convivial and tallkaiie, he interferes into 
other peogilé5scooverersadisns, addhesssssereeypbdd yMitie-re- 
quests and advice, comments loudly oarththe behaviour of 
all those around him. Не Hethavss very mucbhlikke tapsipsy 
mam — by Нее way, alcolhal in Нее first stage of intowica- 
tionssiteogeer авс precisely ве right hemisphere. 

But this is not the whole story. With the right 
hemiüsplierreddiszbletchdhe voice becomes unrecoprizabte — 
in sometdoelelsss, husky, hoarse, in eitheesssnífTfling, in yet 
others the words come out intenmiiteently, they sort of 
choke ontheam, and still otierslipgpoor bark. The habiítudl 
cadenue and melody of speech are ропе, there are по 
logical and emotional pauses, ups and dowmws in tome, 
stresses appear іп musst unexpeuttetp liess. 

And меп әйе! hemislierreisafféfeeted, the sulljgect is 
silent for a time, because the “speechcerntte” has been 
suppressed, but in sewerdl mimuttes, after the thookkiswerer 
amd speechiss restore, he ssaarts quickly, clearly and ex- 
pressively ((trerigght hemispiiverereesposibibléofor the пе ву 
is fumctioiiggj) to utter іпсоћевту, broken phrases: 
“.... раѕѕеф гес, let me iinqgitickly, how II recogmime nnyyetl f 
... ask mee, I'll talkeeeveygtinggnysgiself...." And the sub- 
ject becomes very cross that the doctor understanids 
notihing-— the anger expressed bpwelsimment gesticullaiton 
and grimaces. It tumns out that the "speedhcemntíe" not 
only comürüis the speech apparatus, but also detemmiimes 
the relations of words to whhat a mam wants tossyy (that 
is, it seems, tothbesevurdiciess images that emerge iinththe 
braim and come before promomnedd words). 

And how dtees the ssibljgect react to phiraasenddidsesded to 
him? H3átonov and Deglin'sffirdiggsvoverieebeyóndpexpecta- 
tiom. 
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It was fount that the right hemisphere, which was 
цаЯИсою Му believed to have nothingtado do with word 
recogmiiiion, does play an exceptiomdlinmodataánt role in 
the prowess. Shoulliliüt be meniderddnnpepetistive, any, even 
the slightest, interffarerees confuse the left hemisphere, 
with theeeasssult that it becomes unnblsltotpepsesveigpesphbech. 
But even iff thereaaeeimüontinferferences, the ssibjgett canmait 
feel the imooadoion. While umideststatidmperpferféctiyhavhat is 
said ttohinm, he its indifferent as tohbowitit is said. Not only 
emotional регсе оп is gone. The patiemt decidedly 
refuses toor¢ppatat after the doctor the suggestediintionation, 
just becaumehbsismplply cammat do this, try aas he may. 

But when the left hemisphere is suppresset, without 
undesttandigg the words addresses to himththe man 
reprodiwessithmehaigdy of speech murbhmrerexekdytly tham 
when both hemispheres are офрегайю 1. 

The right hemisphere is also respomilite for the 
understaddige of "olbjpetiieennoiseS", such asthhelsitattargng 
.Of braken glass, the gurgling of water, the bamgüng of a 
doar, sneezing, snowing, and so forth, includüngssondxls 
that accompparyyalaéll sorts of natwedl phenomena, human 
actions, and operdibon of machimes. These compkx 
soumdis, which cammsit be described by words (and the 
right hemisphere is dium! — interesting relation, isn't 
it?), епаЕ us to visualize whole pictuxes. It is on this 
ability that all the radio dramas are based — we litteváliy 
see ffromsamusds as the personggeclilirmbbs stairs, prodluces 
keys Нот $ pocket, unlodks the door, and enters his 
flat. If the right hemisplhereids out, the mam can iimaggnne 
nothing. He just hears a meamingless ии of words, 
which iftvokkagitither pictures nor concepts. 

With thkeipight hemxisplheressWüthhéd off, it is amypusssliMe 
to rrecggivize\even fanfdimiliar melody. Whem askkddoteirging 
someting, the раба nonmdliy refuses and if he com- 
cedes, he will sing out of tume, confiusingaadd distonting 
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the medtody. But the words of the sowss ¢evenf ied tmve 
notlhingteclatwishithe theladdodies) are just burstiimg out of 
him, agaünssuggsstipshthe picture of асов intoxication. 

Whemnthhéefeft hemisplieereis sunpppsesiddn(Bhehdrethee the 
right one iisaattivizėd) any ttwnesrareemenvervetbalgashd and 
repraiweed-woecdstly, the patirrtt cam eeverreprprindecthbethe 
rhythm, but he cameitither nametbhecungonor remember 
the woodds. 

The left hemisptterreisisvordsds, the right is meéboby and 
tumes. Everyilhingg seems to agree with the scheme of 
“thinking?” and “antiio:’clchaceaters, to ussdhthe words of 
L. Pawlow: “... Artists ogaqspifefes assmginglbowhole, totally, 
compktediy, a living reality, without any fractimeiigg, 
without amy separaingg; others-— thinkersjuptst frac- 
tiomateitit, therdbyssort of killing iit, and mexkigg of it some 
tentaiveeskkbleton, and oombyyithethehey, as it were, reassem- 
ble its раш and айп to revive it somehow, ап 
endeawour іп whethhthefaifail comglkttaly"" 

It ‘is now wáddbly believed that the left hemisphere is 
respamsible for abstrmtt Ши, and the right one for 
comormtte, figural. But to recpiugdithimeaoans, sad asitt is, 
to metunrtotthd htistaptimgnpoint, as ttherrecggmitiosuggggests 
no адрроеасвеко the haadysádysis of the meethairism of sucha 
separatiion of percepiioss. But the workers of the 
Laboratoyyndavecheen gengdgedcpréviselydsebheh search for 
such aarmmeéchüsism. 

They sihoweekbipiotusae tob$utisekis for а short time, such 
that the Hadlves of the Њааіп а Южно had поставте вх-ех- 
change the infommaioon, and they directeüinmyages alter- 
natively to the hemispheres. To this end, as we know 
already, it is suflficimnt to presemt images іп орве or the 
облет а Е of the Не of vision outside of the avertáappipg 
region ((lwbkaat the ffiguecslsbewinghehbrbrain and its "nigght- 
left” ffunitios). 
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The subjpecttsweerastsketb ideididntefsheitthapskapsatto say 
“goat” or "leaf", "dog" or “windiow’), or shape and size 
at the suneetitime, or shape and location of а piictureeimrththe 
visual field — higher, lower, to the right or totbhe left. 
Why sslagpevusasalways гедшив 19 еааг, becaumeiit is tthe 
most imponttant feature of any оффдесе. 

Similar experimenits:— but only similar — have been 
canümülootut befamebpynamamyseesehechers. So, other scien- 
tists were onlyiütemtsteth in which types of pictumes or 
which signs of images are better identiffmil by ве right 
hemisphere, and which lbytlthaeltft one, how ttiveiddntifi£ica- 
tionretdatesdepspebch, and so forbh. But now iit was doit- 
ed toodeentyfmismkeskes made blyya anananherievaggagmizing 
images now byytlthéefeft and now lyytitaeighght hemisphere, 
andlaidsdhthe systematics, frequemoyaadqgattattsrns of these 
mistakes. 

A ppütturésisxpxpexbédr for quitteaaslshort time, at times a 
mam sseemsdàalvaweeeenthinthing, but the exenmatrteinin- 
sists, "Aummwer even Ш it seems to ymtitdtat you Haxecsceeen 
nothing!” There is no escapimg. But it seems from 
thousands of amswers that some mistakes are more fre- 
quent than others. And so, some mistalkes aareysyetentiatic 
and otlxersaare ramdiom. Most intemestiirgl]y, with must sub- 
jects theentisistladses of the lkfft hemisplhereaarédittintatal, and 
the mistakes of the right hemisphere are diffexent with 
different people. 

The left hemnispiteree errs, as it were, іп аа symmetuiic 
way: a ffigueeAAsialalavays nón £usedtwaüth G, and С maybbe 
comfisssdwith AA. In exact)ythheaameayas B and V appear 
similar. But this hemisphere will never confluseaa figure 
fromonngqiair with affiguréróronhahe ойг, so that A willl 
never be miss&&kkarfofor B, nor V ffor G. Never! 

But with the right hemisphere we Ihave terrific chaos. 
Picture AAs imimàktakt&m for G, B alsofdor С, and Сп, 
for some sstaaggeeasason, is carifiseddvisitw V and not A. 
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Confusion may be dififeremt with different people but still 
the right hemimplheee does not display the “paieddessss” in- 
herent in the left ome. 

One mare impotaant йе ай: the right hemimphere iden- 
tifiies the shape the more ассирмЫу, the more accuratbly it 
pereévees a secomü, comppamoon sigm, for exampe, size or 
locaiton. A mistake in companion sigm neatly always 
results іп аа mistake in shape. On the обет hamt, the ac- 
curagy of pemognteon of companion sigmsiis immaterial for 
the left hemiigphere. It picks up shape with есш! effidien-. 
cy, whatever the mistdiees in anramgemnnt and size. What 
is more, ай епцф$ to idemtify shape and а companion sign 
simuileanéusalsly noumáliy Га, the ѕһаре misitdiees being 
more frequent. 

What does all of this mean? First of all it meams that 
the right and left hemişpkores pencévee the same picture 
differently. It would! seem that this is absurtligy — afitar 
all, the appeananee of objects does not change when we 
loak atbit to the right or to the left. But “absuditity” is an 
illusion akin to mamy other illusions. Owing to comntinous 
jumps of the eyes, a picture altermatbly gets into ome or 
the other hemüigphere, the overlapping zome, too, makes 
its comniümution, and fumthenmore the hemiigpkeres ex- 
change infonmatóon. 

What is more important is that if we acogpt the comagpt 
of a “muiltcbhandiél” visudl apparatus which is cunrenlyy 
being worked om in the Laboratory, the dififaremee in 
peragpióons will be quiite гайот Му expllüiredd in awaay that 
agxess with the data of neurphhsisiolggy. 

The left hemisphere, when it identifáes shape, only 
distiirygitishes what endbées it to tell one figure from 
anatieer, that is, it singles out gementiiedd signs. But, as is 
easilysseen, these sigms in dififeremt figures may show one 
or amather measure of likemsss (for exampie, at a quiidk 
glance you may well confuse a damsstic goose with a 
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swan, but never anaàipbiaaevMithcavwcpw). The reasom for 
which müstiBkesrartpdipalred" is às follows. Images А anid 
С Iheecsoomeigigns of their own that makeiit possible бог 
aliemspphere to coonisider їһешсоодеетайа1, in cexachyyththe 
same wayERaadd’ Vakawiégsigthathat make ttiessefifjgurevergr y 
much alike in perception. On the other hand, the 
*painrhesss" suggests that the signs for each pair differ 
паке у, that is why weddoaaot have a'"Tdepp", that is, er- 
romemusppereppoion of a pidtuedrfnamnerpaipair apiatipicture 
тот ве обет pair. This dl! goes ttoppro« ehthasassyrtiption 
that thermeetlaisism of "trawdllingoover the treed’isisokatated 
exactly in the left hemisphere. Whem ап іде упр 
mechariismraaduses a “Ќо”, where оп onne side are the 
signs of A and оп еге other side of С, it has troddezidemn 
its further direction. And since iit works under pressure, 
decisions aar¢alahewithithout adequate usistifatamon: instead 
of A shownddiim, the maani'sése’’s” (it seems ttohhim that 
he medliyssees} GG. And he sayssso. And when Gissshhown, 
the same meebhaisism of errar will opexaitewtthhelresnésult 
that it will seamtodhthmaman that һе s8e5/A. But figures B 
and V (бог гайт their signs stomedinmnhéhe meman) are 
located oombabhahlvetyfidrfferent “Фатеев” of our “trawd! 
over ttke tree”, and thenefforeuudeler no cdiraunssáaneeshtisese 
figures cam beecaxnfaseditwifhoA or G. 

In dieeriribht hemüsplierrevissuhl identifiicatonrisiompganided 
in quite a diffexent way. Here the visual apparatus 
descrillxes айп шарар intiicaticattadetail, not just some of its 
signs, as aawkhlelanalnbtnot fragmented. Therefore, instead! 
of "traxd] over the treed” we Ilxa«essamttinm bcheresreseibl- 
ing gamigg over cards іп аа card ceatlamgue. In that case, 
figure A canonlyl bebo wonédsedhvaitl G if it comes before 
G, but С camnnever be corffissddvwitth,A, since tthereanmo 
way lbakk and the ssearthisisninnene, rigidly рес єй, direc- 
tion. Figure ©, іп tunm, may liecoofifasedvwhitli, V, which iis 
locateissowwhdtat further. Тише, thereidis по зазуанр Лилу 
we Шалеекха у that succession, not another one. 


9-667 


130 How We See Мас We See 


As trioeercorsvivirenttetturiptihg itierid&ntifyusimmeltangous]y 
the stiepee of a figgureaaddtatsizsize or location, or all three 
signs att once, an axmàjysis of erroamsoádlboseddiutotnaahkmke a 
conclusionnndedessnimpertant thamppreidous ones. In thee 
left hemisphere ceathskign — shape, size, and location — is 
analyzed by a separate identifiicaitoncichamhel (we have 
already discussed this without any reference to the 
hemisplhenes). And sọ, in Фет hemisphere adll the signs 
are tamgleditdo fonmaa tight knot, and there are no im- 
Черешйеп{ chammdis, but insteadithhmre is aawhbslenimyage, 
which dbowdsianahatyded. 

This implies that the left hemisphere, identifies using 
separattecthannkls, and atomgeeach of them meceiyvssaaf diair- 
ly slettdtyyirimgge of the windde, the moosst. important signs 
being sifted fromsesgmalidgry ones. That is, the left 
hemisplhereiitbenitfifiesrim aevergegenelialided, abstract way, a 
hard aandafast fact now, not just ап asssunppion. And thee 
right hemíisplixexe itthentif@eswahbyly, using alll ttieertdbheess of 
signs, extremely ccomoretbly. 

But is it conceivabletdéacadhieve abstratiionwwithdut a 
prelimimany aaqquaitatarece witlealeal?thbAbstractions of the 
type "Hlapgessmaàll", “farineat” апа the liike, seem trobbdrin- 
herent in the orgamismfróromirthirth, being transmitted 
genetically. After all, such abstractions are evemninhberent 
frog. But abstracioon of the type “table” or "car" un- 
douibxtetllycoomarint bdbegng: asresutsult of our contactts with 
the surpaurdipgvwddld. For them ttocemerge, first we hawe 
to sseeaaaar or а е. 

А qqesstiorpopeses itself: could it be thhat the develop- 
ment of those abstratitons comes easier to the left 
hemisphere bbeeausét it is dlreatyadetpqualelyqeqypigpéd for 
the task? For example, it has an inbom mechanism 
responsible for the invariance of perception: having 
perceived ће image of the same table, but at different 
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distances((that is, om difffersnt scales), the І: hemisphere 
signals that this is the same table. But the right 
hemisplherewlil! have ttoldearthitbis, and it is оу cegphlsle 
of perfiorniimetlthiat task comyyirimasese of need, and оліђуџрр 
to aacexteiaingage, befowetlihepspéaialiratidmshas been awm- 
pleted. Such wasthhdypoibehissibathat explaimed theseppara- 
tiom of functions betweem the hemispheres, which has 
been pout forwaxtibbyhtheowonkers of the Labaratory. 

Hopeffully it is mowclelear why neaturddsas endowed uss 
with t&wohhersspheres: the night one conppebhaddshtheocen- 
crete world in the richmess of detail, and the left one 
generalizes the infommrutéorpleleuned to copgmrzdhehe world 
at the level of abstrmtiéons, includiümngvedrbal ones. The 
right hemisplhereissaaosort of store of images, withoutt any 
significant conmectioss betweentbhaánmyrges. The lift one, 
altihoghitit is in nnopgyósitiiom perpeinaeireimmagieraggdh such 
detail, takes care of commedíions between things and 
perceives the meaning of events. The humanbbrainonen- 
tains, as itt were, two meseathceantes: the т one explor- 
ing terra inenguita (abstrattoons are of nousse with Ве 
unknown), anditbhdeltft one cexaniimnpg htheirsplipili (led rver- 
sion, stripped of "superfluxwas'leletüail, of what has been 
comprdhwenideddyos«he right раш, that is, perceived coan- 
cretelly.. 

Such aamyapprohch pdaplainsvenlWealth of facts that have 
earlier Ба (Се researchers. It is conmvorkiknowdegge, 
for example, that the right hemisphererrecggnizes faces, 
ап d&bilityaabsent in thelèéft hemisphere. Now iünaaneeppari- 
ment, the left hemisphere of a subjedt was showm 
phattographs of well-known statesmenaadd movie stars. 
Sunpiisingdly, that hemisplherereeoggiviedédhtlnemeibetter than 
the ight one! If viewed firomtlibertrüditiahal understantling 
the wokkiggs of the вайп, the пазе is shodking. But now 
an explanáitioris isvavailzble. The left hemisphexeissakisdnin- 
volved imreecggimizingafases, but familiar faces arerreontd- 
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ed iiniit бейет, іп а more comdlensedwwgay, using sonecclkdear 
highly specific features, that is, іп аа more abstratt way 
than іп Шее right one. 

It is worth noting, howewer, that speaking about 
absimatioons we ttadütyynipipkedethe familiar generalizatoon 
on theevedrdal level, which issaaisggheievel (а Segnveewed not 
as apjictere, but as acemierer of some meeainggaonheldd in 
words). These abstirattoons are largellythhe concem of the 
left hemiptecee, whereas the right one is abtetdababatract 
in another way. For example, it cam ffind among rather in- 
tricatte and diverse figures similar ones. Remember 
Paloiius who after Наші fownd a cloud asssediblingonow 
а camèl, now ав Мом, and now aawhdiale.... 

What is likemess? Mathensaiicians say that hidden in 
this notion is somweppoejeptcteve tramsffornaaidon (we willl not, 
howewer, plume too deeplyiütio that defümiitw)), and so 
the right hemümylhwrecseeems to perform that орегаібрп. It 
cam find actichte of a suitzBledürameter fromaa piece of 
circumfferanee, and it can meentlillypipiedegeiBether a ffiguee 
cut into fragments, to compress it, shift, expanü, bendi 
and to work out the result, again memtdlly. This is all 
beyond the capsibilitees of the left hemisphere. 

The right hemisphere seems to be of special use for 
design eeyginessss, whossit at their drawing boantis for days 
оп єп, for architetts and for builkdters-— all thosedtetihgg 
with рай] tranffonmdtions. And this being so, the 
abstractions with whiathitheighght hemigphere is comcenedd 
are hamülyldess complex and profound tham those of the 
left ome. Simply they, those abstractions of the right 
hemüspihere, are different and, alas, inexpressitite in 
words, thexdfoee we know very іе about them, just as 
about the fumctiomnpg of the right hemisphere, far less 
than about the left hemisphere. 

Anyway, let us try and venturebbeyodidhahenforfines of 
visual images and регоеріёовѕ, let us ропфаг the fact that 
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the right hemisplierss specialityiss comcmtte comprdiem- 
sion, and the left hemiüspherés, abstmit generalizatitons 
(we will remember fromtlihe very Beegüningg that we are 
fully aaware of the limitations of this model and of the 
need to clariffytithe range of proliems handled by eeath 
hemispliere and their role in tthss joimt ео). 

Observatioons of patients with severed corpus callosum 
have shown, іп thee words of Gazzarijga, that “separation 
of hemispirerespprduhesesvbwodapdapendent spheres of com- 
sciousmess withimoone skull, or rather in ame organism” 
Clearly, thosesppheres also eexist in the braimnnot severed 
by an operation. And the fact that the left hemispihereiss 
сара № of speaking and undkermstandipggpspebch, and the 
right ome і5 not, leads us ttotlthecoriebüsion that the tttiikk- 
ing proesssesirrihthlefleft hemisplierrescearbérepepsesenult ad in 
tenms of words dimectüly(Kit showilülbbetistresSed;càgain that 
we Щу understand how caabbitnary pur “diracily”ishdrepe), 
and the mesikit of the ppoesssssrinhthigtight hemisplherewwill 
onlly bee “heard!” after some transfonmdtion, that is, after 
it has been paseebom tbetleft left hemispileretàd»dbshsbaped 
as a piece of speech. Einstembbékevdd that onceaa pro- 
blemhiras been solved in the evocatise, wordless inner 
language the tamtáizzimg task of groping for the right 
words togeet the solutimnaacrass to other peoplless minds 
themcoomes. Words аге means of input and output of in- 
fonmaioon, and in diheceentaal preacessarssom qmrosessescoc- 
cur that camnot be put into words. This suggestsssomdafar- 
reachüngaaaialogywiwith the computer: befometlthe priming 
device Iasyyitbddddhthieseks]ts, the outside bisemvreare merinsins 
absolutely ignorant of the transfonmatinns proceeding 
within tthe bowels of the "electroricbbiiain". 

This leads one (о makke another conchusiton((witichahas 
of late been бїзєсыѕвафуу ё пеетіеерфегѕ of the psychallagy 
community). It is nowkkoown that the right hemisphere 
controis our senses together with Ве left one, and if an 
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emotional stimulus comes fromtlihe right hemisphere, a 
man wiithhisissegnpusaUaBosuse waver eduisableaiole tplaixplain 
why, say, he enjoys something. Now it may welll lieaakkdd 
whether or not some of our "umnexylüindie'tatelds and 
feelings aredducotthadhigiight, silent hemisphere, when Нее 
result has not been ttnanbfarmedo Фей left hemisphere oor 
for some reasomhhas not been ddecpbherdd, and Неепее in 
either case it сапш be ccombhddniwowtsrds? Or perhaps 
“subconscioisseess;, the catchword not only of mystics 
but also of artists, poets and writers (all members of 
creative arts), is just a product of the activities of the 
right hemisphere, whichiss knowm tobbenmrere рготе tto 
сори ет Ме world iüncconeretertesms tham iürolpgidal 
terms? 

Consideningthhat verbal abstraxtitoms(tthat is, those ait a 
very № ема!) are beyond the саран of the right 
hemisphere, is one to infer that mam can only realize 
himself as assotiàl сгеайикеаая aesesult of the auttivitées of 
the lidft, speaking hhemgpher?'5 dielferonsvienesesn dite the 
notionoóf socium, commumii&y of people, are aisstzatitinns 
of extremely Higbhrasink. То ammeeveettérermeqeqeires much 
serious thinking. It is woutthsstressigghidrernhdhat after hav- 
ing пшекмей thhosalxtsicaictonsetledtleft hemispheressort of 
shares them wàdtlitsits companiton. So ppaitients with thb&ir 
corpus coalbosums seventdrardb bie ttalmake use of the night 
hemisphere tom perteivthtimeawaging of a llisstoricpipictuere, 
to і@еюйўу aatiatiainal flag га 18560 myaualuate it with a 
gesture as “good” or “bad” accordiingtéahtineir respective 
social and gpdlíticàl аи. But for the tbramtaddbeceghal 
to ttlossehigglabsbstráotiois it has ttobberaimened tbsabstract 
at a verbal level. No wonder that childrem reared by 
wolves lose their power of speakimg, because speakimg 
calls for comtatss with окат humans. Studying 
mathematics, logics, and féorsignalangiweges is goxadlttrain- 
ing ffor the aibstaacGtionbábility. 
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The differences in the roles of the right and left 
hemisplherss in соотрриіећећдреһе world make it clear 
why amuuhbbdidibdapássidnr for television гаї the expeiseoóf 
readimgisscbahafniful tothhelelelelopement and fóomadátion 
of ас. By iits enonmous flow of visual infonmation, 
television mostly affects the right hemisphere (elec- 
troenugplaibeprpphic records made in the USA inndisate 
that the right hemisplhereisshthedéntémes as active dimmpg 
watching aal Y Vrpzognamme than the lifft one). The фимёК 
change of images, and the imyppsssbbiliyy of replaying iimsidf- 
ficiently cthear pieces ære negative aappetts of any djyramic 
art, and they esgpedidliyccome out in TW, which мене 
livelong day. Even in cinema or theatre the spectator 
receives addéfimte, strictly ddesdd;ololume of infonmaison, 
amd оп hiis way Норте he canpqoteder what he Haas seen. 
But televisiom keeps driving oomrahd on, and one has to 
have aasstroggyMill or dislike ttkeppragramme torisuitch off 
the ss¢t. 

Comyprdieensenr(t(the transfer of infommatoorfrénomhethe 
right hemisplheretéahthiefleft one cantititheerecdrding of it in 
words) tt&kes botihttimecaaddisKill. Skill! — which its lladkimg 
in ababby, as wekonowtltitat only tbyfiiveyyearhdhdedelabops 
complete abbatrachinpopscawer at the llewel of elementanycoon- 
cepts, so that television dig@esnnot stimullatebbwt on ttheconn- 
trary iuhHibistshehferfoatiration of that important ability, the 
ability of thinking. Reports the American magazine 
Readers Digest: “The workers of the Uinveessi$yoof South 
Califomizap plactd 5056 fgifttedirpammackesgdhoo! pupils before 
television ssceeans for three weeks. Tests revealed зас1еваг 
decline iinalll of their creatiwe powers." 

Comwersdly, reading actively shapes the abstracting 
power of the left hemisphere, and besides develops the 
power of visualization, that is, the power to record 
abstract words belomgüngtocspspetiticrimages. The llast pro- 
cess its tobtHilyladestnt when wiewingppiotiresrothd bereeneen. 
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As a result, a reader develops a more intellectud| per- 
sonality than the one who lives at the mercy of visual 
perceptions without takimethhe точ of couchimpthhem 
in words, that is, at the №] of abstradtions. 

In recent years compuiter teaching has become 
Гао, which іп esssewee is a form of TV, only a 
more borimg-one. It has its origim with ccomiestyypoipic- 
tures, so рей in imsstracgoomamaalgals and directions 
for use. Undigulitédiyy, such "GooniceS'airenitistispeasiblerfor 
operatitonàl manuals, since tlhsyeaypddit ehthteaelautg meopro- 
cess anidracchecthcthe prolbxdbility of errarsdürascaliyly. But 
in teeabingatat schools and universities ..... Perhaps com- 
puter teachimeddppiives the student of something veeyyinm- 
portant, namely of those rich associations that emerge 
when граа@на texiext and that are related precisely ttoththe 
absicatioon, that is, to the essential ambiguity of the 
word. Рей ИН wonetetchalratacter of computterimmgges, 
their rigid specificity, kills the ability to think and to 
generattetbheseuurlelear, ан 5 всума е, inner images 
гееп {ао Бу Низы? Могеомет, the right hemisphere 
"Joolks"iutiahthpgapast, amd thedd&ft one imtotltaéufutare. АШ 
of this calls for thimking, and — nothing cam be dome 
about it — thimkinginnvardsds. 

Now еп, what shall we collect for our childrem: 
libramigsoor telebranites? 


Chapter Ten 


The На: Tihineee- 
DimemnsioandlWotltd 


The paiimtar 

Has рай Из аа еог, 

But she, 

Like azmnonlitit night, 

Has dhiffectiawag yrfromhakenuntvas. 


Leonid Wiatyyrow 


Apes are fond of drawimg. Nonmmdliythhepgaint on paper 
some meamüngless stripes and figures. But once, а yomgg 
female chimparzee named Moya drew something- like а 
fish ær ап æiphdaae. Whemaakkdd, she aussveeeekl T'Hihis às a 
bird.” 

Yes, answered. Moya, just like the other youmgappes 
Pili, Tatus, Koko aaddVéaskoe, has beenttagbht а ypedid! 
language of signs ЮПИ can q@orsstauct simple, grammnrttsss, 
but still undexstanidablptphsases. In theealatesence of gram- 
таг and ssnaalll vocalbullayy (aboutt one humdhxt signals) the 
"ape language” resemibles the speech of ап eighteen- 
тошеру. And just like ttteekkid:@omphehdird mgethe 
sunroumidiggyvobtid, Washoe may examüme her face in aa 
mirrorféor а kongttameuahdéhqmipoint with Hiis hamdi at the 
image and tell the shockkedleeyperiraeniasist “Thisiss me." 

And so, Moyalhas drawnadibird. Later in ttheppresence 
of a whole committee of experts she has drawmitit once 
more, and also a cat and a strawiberyy. Understandably 
the diaawiggs were ffar from imastespicees of fine art, “but 
she is only three and a half years old," says Beatrice 
Gardiner, who toggebber with Нет husbant! Robert conduits 
those imeecesitig gnnveestagamons, “at that age ewenaa human 
kid умо ата iyrqotadiscmesdmething better" 
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To lisesisime, those feats do mot signal the Hs»egimiimg of 
an “ape painting” boominn the world, nor that the 
primate art has finally foumdreecgginibéion. Recent years 
have seen so much newiün the understanligg of our 
"lesser brothas” that it becomes increasingly harder to 
draw aalcenrantatiodm tihetbeewebn athititissilities, of animals 
and man. 

For example, it has diwas Heeentlthogight that man dione 
can useiinpbteneatt saddoweolhahat he himself teaspppddasdd 
for his ume, and aamimadds, including apes, only aucaiiondliy 
utilize a stíidkoor a sttameaasaamumikiliargeaeans. The ffallow- 
ing рівое df behaviour off an agpmehhasdseefüilfileded: the ape 
takes or wrenches out not just any ssitékthttat comes its 
way, but only cmetlthat is suiitdtteaas sodol. These sensa- 
tional results came fromtithe primates laboratoyy of the 
Pavlov PPhymdlggynknstitate. Firsov, MD, and ccowookkers 
let a team of apes ffeeeoortithensabhll island onlhhkk Yarno 
in tteePBskoRdg&egidn RusRussia, and stot а stuminggifihm 
that has been rrgpeatdiilyeteldvistd. 

The- female chimpanzee SSilxás isyinging togget а seret 
.framaalededpolhole, but canmat reachtbhe sweet with Heer 
hand. She B»gginsbbywyeremihinguout and dtbbrankhig grene 
stick, themaátíter she Haas seen ttiaat the sstabkisisotoshatort, 
she gatsaandther one, albit longer, them за и теле, still 
longer, and aafdouhthoggivesbsrher exactly wit she meetis, 
Her cousim TBanasiused stiskick as a prop to Herqptitheladtoor 
of a thoxwitithhn айі from «зе. Says Firsow: “A sitidk 
in ttleehizadkds of а dhinppaanzedéenonses а uriwersál thing. 
But afteraal!, the ahilivytoaisse foforkedctick, or a twig as 
an обіесі suitablefdor each sppecüfic case eembbies one to 
view ttiis object as atdolol, because it has acquüredlssorme 
generalized  characteiisttc. Such behaviour in apes is 
similar to ttheaatitiitiies of primitive rman. Accordingly, the 
issue of "ttxw»l activity", one affttieertthingswkhiblseppearatesig)s, 
people, from гатїтпа&б, suddenly Ibscames muoreirinvbiedd:” 
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The jouradlist who intenwieweütlthe scientist asked: “If 
we аге toletiteve that therpnimates are сара Е of making 
generalzzaidons, doesmtt this approath abstract thimkinyg?” 

“Ome and the same thing сош be сгаіёек gegersiaiiza- 
tion by a physšohæist, and an abstrationn by a 
psychallegis!,” came the reply. It tunneH out that apes 
taugiitt to cdtovesdhthigegemsinglejetpject complkitélyiggnore 
changresiintithexerepienimiental conditoonsfifhtlyesrareqréqadred 
to choose betweenaa large and a small set of signs on 
cards. Accondiigyy, apes are even able to make some 
generaizaioons. And generdizatoon bordisss on conoep- 
tualizaíion.....Tmue, it has been hebtidadéafar that the coon- 
cept 15 insepardble fromththe word. This inseparabiiliyy, 
however, is orlyinhbereant in mam. But in arimadds, accord- 
ing too modem филе, concepts are simply different, 
namely they are less sophisticated than verbal human 
ones. Scientists are led ttocoonickixde that the commmotity ac- 
cepted iitbeas aboutt the ffmnatiommg of the гатышай! braimaace 
іп ѕєсїооыѕ need of refimements. The потре first 
one aarorihggdo I. Paviow) signal system "fpogiddescuqept- 
ance mot only at thellvedl of comagpts, the level of images, 
as iiscanrrehtlyelbelizved. Intbhe nerve mechanisms of the 
chimparzee brain and, maybe in ве braims of other an- 
горо 5, some sabbssyeters is tracedtte that prowidtes for 
the jpparegpitiontat the comepptaial, thougth preverbá], level." 

Prewatbal! How close this all tunns out to be to the 
work of the visual mecharissm, doesnit it? Eveniin man 
everythimg occurs precisely like this — "pmesuenscbnubly", 
not in words, that is, ratiher similar to what occurs in 
animals. Why not assume that Moya's drawüngsaareuan at- 
tempt to eexpesssniimimegesnsenunagneepts of her own, to 
expose tolieessHlf her owmiünterzial world? 

Here weewwill leave the amxazing apes and ask oourskives 
the question: what are picture’? Why now, when the in- 
Физ! and scientific revoluiion made а photagnaphic 
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cameraaavildhlsieotenyhgpdy, a Фоме that in gemerdl gives 
a true representatoon of the brightnesss and colour of 
images, we ssilll have paimtess whoaapbipapamts to ег 
canvases Usdin Naty lşushéhubhas heswæsewseel used two and 
а half millenia ago bytbhe paints of Anciemt Greece? 
Why dixpipiatusdsavave prices that sometimes run imocisix- 
digit numiters, and some of them сап be piieethat all, 
wherezs good copies, let alomeregpoddatotrons, cost next to 
nothinggaas compared with thee опель? 

Penkmps it is dll a qpaestion of how меф! а паамнег can 
please his custome?? In fact, accomdiimetoto the Ancient 
Roman writer Eliamthhe law imFivams decreed that "paim- 
ters and sculptoss shall impatt to what they represent 
features more exalted! than in reediligy:" And any débbasigg 
of the опей! subject was heavily fined. But nowtlihe 
techmiimess of retouctingg and photkonvontagge have meabkdd 
such heights that it is child*s play for а good! master to 
remowessoree unflatterime details in aa phottygnshhic por- 
Or perllygpstitisis is expláimekbypthehe fact that the eyeinn 
genera], and! hence the paimtetss eye as well, discenns 
millioms of shades of colour, and grasp esvenniminteteavaria- 
tions imbbpightsess, wherezsthhééxtst phategnaþhic plate iss 
unalle to coanygyveven assmiall percentage of the colour 
richness of the world? Well and goodi, but thereiisilalso 
the palette. And it, just like the photagnaphic plate, is 
limited imitstsethchaukal powersaasdootolour, and especially 
as to bbribhtewsss. 

By selecíineppimiats and artffüllynrxxipg them, a пзашаег 
may produce the illusiom of strikingly true ("just like а 
picture") relations of colours and brighitrmesses. On the 
other hand, measurenvems performed using even fairly 
rough instruments indicate that even approdimaate cor- 
respomitemee 15 lackimg here, everything is “distorted”. 
Perhaps them, a pictureadttraets us by iiss abilitytéo pro- 
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Any piece of this dravimg by Remlbrandt appears as ад зо ЕД у. 
tangle of lines. Viewed framaa distamee, the drawiinpslshesvs a 


woman and a «11а 


duce an ilusion? But you know that any trick soom 
becomes boring. Remember the kaleidoscope, how many 
minuttes woolildowobebblabltewatakdtch it without break? Rut 
appetturenayax at times capiiixateyyotofor hours. And the 
most intexestimgrhthing, also comfürmek by art critics, is 
that a Бећ ет is equaillycaapable of admitting both ex- 
ceedüngly true and fairly arbiiteayy representations of col- 
ours and outlines. 
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Things: are eevennmoreoránfeasduy Буе therywpayadaxadox of 
the piittuee. For one Чар, it is just canvas or paper, for 
the cthker, it goes far beyond thhdrframrewbrk of “simply” 
canvas or paper. Stated aandther way, the meateraél nature 
of a picture is added to by the spiritual elements of 
whoever, looks att it. Without the lhdtodddeniandihjsepancep- 
tion nocitiereeidianensnaliahitynemesges, there завета ве” 
dimensions. 

Who will then ggyeeussnamsanswer as (омма is appie- 
ture? Let us ttpgyaaridobkok at canvases thmougihtltheyeye of 
an att critic wilvohhgs aubülbtfeefeebsifigr for painting. It may 
well be ttaat this will bring ussclckeser to our goal. What 
pictures shoulki we take for our analysis? Perhaps the 
most suitable for our task are the postimpressionssts, 
whose aredivve output, accordingtochthe1rénteat Soviet En- 
cyclopaediia, "by Шваг prolbilenmiiéssl day hih&oéodnidation of 
theHisstoyy of fine atts in titve2DOtIverantur y rha hespostim- 
pressiomits, who iintlihirir pictures reéftectddhthepdipainktak - 
ing and contratlittoyy search by painters of stable 
ideological and nmorh! values." And Буе way, we will 
try tociifithdutout what makes painters different from oone 
another in genenàl, besides tthat they ppåint in addifferent 
style, as itsggeneaHllysasdid. 

“Everytihinginnhohose canvases was permeatsiibpyusyn; 
present here waretitrees, wbibhnnodxotástist could iithentify; 
animals, about whose coxistemeahthe very @ чует had not 
suspected .... a sen that as iffiit were pourekbout from ве 
crater of a мосапо; heavens im wtliachnng:gibdocódi ld sidside. 
Also ppessent were aunbbessomehshprskohbldderedtinatives, 
and their childremss naive esyessspgeestédhehe mysterious- 
ness of infinity; and phamtasyecreinhtidided in flame-red, 
mauve anid spatiigighededadhades; and ppueblyletenoratéve 
composittersirnwvhhlchlofloraddndnfaundedlsded solar heat 
and liuniumeseenee. ^ 

This is Giauguin. 


Ch. 10. The Hat Three-JDineess&onal World 143 


"The pictuxesbibowddhthe GrantheJdatte Island. Here, like 
columns of a Gothic temple, towered some uncamny 
human creatures, which ratier resembledseome architec- 
turd! structures and which were composet of spots in- 
finitely veayyiggninobolour. Grass, river, boats, trees — all 
wag as Ш in afégg, all seemed amaatistract cluster of colour 
spots. 

"The pictuxe was paintell in very light tomes, even 
Моше! and Degas, even Giagginmihimbelf, would mot dare 
to use such a light amd such bright paimts. It led the 
beholier into the realm of nearmlyuutitihinbàhle, abstract 
hammonyy. If this was life, it was asgpetadl ипеа уе. 
The air Піскегей and glowed, but һаг@уга puff was tobbe 
felt iniit. It was assort of still life of the living, quivering 
nature, from мае ВН motion had been conppbéetblyldveen 
out." 

This is Seurat. 

"With theleéip of red and green acübowuss, he tiiettteæx- 
press wild human passions. He paimteiltithe interior of a 
cafe in bloodhred and darkjydllowtotenes with a green 
billiardit&àbdérimheheirilidle. Four lemom-yedliowiampsvwere 
summ@uniddd by an orange and green bow. The most com- 
trasiiie, dissomatnygshhdetes of red and green strggèłdd and 
collided in the small figures of sleeping tramps. He 
wanteütáchshow that а саёе is applace where a man may 
commit suicide, go arpazyoor commit a crime.” 

This 15 WanGoggh. 

“Att first in the foregroundwweesebrhylight, noniharmoiuz- 
ed cobbounédpspots: tall stems of pines as if glued toahthe 
camas, and compressetisspace, as ilf a еа paper sheet. 
Our glamceshhides up and dowmahlogghthe stems, next it 
wanders to the right part of the picture, to the clear 
outlines of the yydllowsstiipe of an aquedduct. The aqueduct 
guides our glanceaaway into the left part of the picture, 
and owümgtéo the comiracióon in thee linear perspectixe, it 
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createsthhe illusiom of some ddepith. Our glance traces the 
background, goes over totbhenmeouaitain, and comes back 
totbhe forefront. Next comes а сә сой roumi of the ex- 
aminaiton: the gianeamowognes thetbhequpdedüct, to thee 
mounttam, trying toofifiddstwayday time thasmass of blue spots, 
and grasp the оц ие and volume of the moumitàm. 
Several orangeaadderedactabhutirdshsdabthongiite right partt 
of the mounttamn and light-yellow sstubéses covered witila а 
thim layer of the blue conhthe top prodiwcetlthéllilbusion of 
volume. AndtbherihtheavaNayearedre the mownttamn acquiirssaa 
measure of spatiid! length and the pictuxeddeskipps some 
depth. Slowly the space of the foreground comes out. 
Disordiatiysppotsoocalrirteiie the theualutual anrargeeneent and 
they beepirtotbe becagtsrbsed as groumt and ggaass, ѕЅпафом 
ап м. Longer tham anytitiinpeblsehthspepot in ttiverigbht 
lower comer remaimsaas aepepatedtbbibbpetspot in ttivep plane 
of the cansas. But then it joimsthhaihill of clayey gromdd 
and agppears as а ое ее зНадоом Фа the ground?" 

This is Ciezamne. 

The first threeqquttitisns аге fromtlihe book Lust fr 
Life bylivvüggoStene, the last one fromthheothitection of 
works Бу thhe workers of the Pushkin Museum of Fine 
Arts in Méesooveneitlótled Western Нигофюеши Amts of the 
Second Half of the 19 éentnyy, the «wontons of which П 
am groimetdalidrawnontextévslyelythin tèst rest of the chapter. 

Four paimtess, four persomdlitess, four difitexent worlds 
om the camvas. Four worlds? Or maybe one, but 
tramstonmddnincacobndaneétlwith pidreepermeptions of the arf- 
tist? 

Critics aaeeiananiaueus in their opünion. These and other 
postimpressoninsts are great not in thei technique, 
althoigthitit is of significanueaaridnintesest, but in that they 
were telling the world someting total new. They 
foresawthheipipagatels of the 20bhcecmiyry. The Soviet art 
critic ILeevitüretstiates: "Our centuny, with iitsgraaddiasewars, 
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The Dance in WfauéenRRagge by Toulouse-Lauteec, 1890 


social revolutions, millioms of deaths, shattteiimeg of all the 
foundtatonns of the wotdd outlook startetinnot accordingtoo 
the calendar and not with the First World War, but 
spirütudllyitit starketwwithh¢he ecstatiictuummidil of postim- 
pressiomism .” 

In order to express their sensations, the postiimppres- 
siomists intemitonalyy "distoreed nature". In the picture 
The Dance in Мощет Rouge Toukossellaaütrec exag- 
geratteseexadilyhtiseshinBings that he wan¢ddotbribping out, 
draw adttenirom.to. Inthhe centmeamre a pair of damoers, 
Valentim Le Desosse, named “the snakeiman” and his 
partmer La Gulue. Does anyonehhave such wazyylelpgss as 
Valentin ?НЕКауеоуюву evereseknekn edsevelttreathiacdudacious 
ToullosseHaautrec has райшей them? And when has а 
dancer, even Што! dashingonne, ever been aitbtetdawivist 
so, as La Ginluelabses іп Нее picture? 


10-667 
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And also, have you ever seem such a wildly dancing 
рай? Наме youcever happed to wiitnesa pipicture, static 
in iitst&eMtrere, tum into a sort of cinemascreeñ? Just look, 
he stifts his legs, that ValemtüinL be Desosse! 

Yes, the tum of the century was the time of seardhfdor 
artistic expresion, amd not only in France. Russian 
paimitess also made a significant contülbuteon. The prab- 
lem of the represantstion of motion was suceesffliilyaolv- 
ed by the Russian pater Surikov. His Boyarynia 
Могодоми is predsdhy am example of that ѕо of 
mastery. The painter reminisced: “Do you know that for 
my Boyarynia Mdocozova | repeattetlyy addeil тоже cam- 
vas. My horse wouill not go, and in motion there are liv- 
ing points and there are dead omes. This is sheer 
mafilermaatics. The sittimpfifigneses in the sledge hold it in 
place. I had to find the distamee from the frame to the 
sledgetéceset the sledgeim motion. Just a littkebiut of the 
distamee the sledge will remain stafiiomayy. But Leo 
Tolstoy whem he and his wife came to have a look at 
Morozoxu said, "At the Бошоп), it is necessany to cut 
some offf, the bottom is not requiret], it interferes! But 
notitingg cam be removed from there — the sledge will not 
go.” 

And іп that picture not everyttiirggsisltReka tenlreal life". 
The critics of thetimme competted with one another search- 
ing бог “aneggildaititees”: not enough place for the carter, 
the boyasynàa's hamdi is too lomg and twisted in an 
anatommalily impassiitevapy, and snowim the street is not 
ігой@ фел down so that the sledgeriides as iif in the field.... . 
The best amswer came from Suuikov himself: “Without 
mistakes the picture is so nasty that it is nawseatigg to 
lookaat. In aahisietaxital picture after all, it .shouiltinnot be 
exactly aas it was, but there shouil be some similarity. The 
essence of the histmiiea! picture is guessing. As llongaashthe 
very spitit of time itstlitere, ome is fífeeetáo make amy devia- 
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tion in detail. And when everything is exactly like it 
shouililbbe — it is repmgmanit’” 

It thus tums out that distotionns of this sort by no 
means indicate lack of preffiiiemyy in рашйпт nor the 
desiretédryrty to be coiggink!, asiin about which ТБаШозее- 
Lautrec and those who shawi his, views had to hear 
much. Those “distortions” are aanmeans to rreablththeogbal 
without fail. 

What did Wan Gogh try tomddhievwithiths his huge $55, 
his shanp colowrcd comtounigg, his glaring coloums, in 
short by all those proceiluees that emphasize the 
“unredines$” in Miis pictures? That is lrowhhexekpladed it 
in Hiss letterstedihis brother Theo: 

“I want to paimt а рота of my ffreerid, a paimter of 
great dreams, who works in ее same way canigightgagale 
sings, іп 415$ is hiis nature. The mam will be affaithhiaered. 1 
would iik¢otoowosyveynin paiytipgialiing all the sunpiise and 
all the love I feel for him. So, at first I will paimt him ass 
accurdétyyaai I cam. After that, however, the pütturésisatot 
yet ready. To {зы I willl becomxeaan arlbitrayy colounisst. 
І exaggertetithe faimess of his hair. I brimgiit to orange 
tomes, to chrome, tollithtidamonotolour. Behind thhddedd, 
in leew of а ccorveatitimmial wall in aacexwrenintnohal room, I 
paimt infimity. 1 make the background (ће ї0ееѕ: blue, the 
strongest I cam mamągge togget. Inssabh awway, the fair, 
glowimghheddgagainst the background of the richest blue 
colour will give aanrysrstidal impression, like aststar in іме 
azure.” 

And now conning another picture, Lullaby: this is 
a “тарвзеемӣбоп of howaa sailor, ignorant of раша», 
visualizzesaa woman оп theelsinere, while onthbaibhgh seas." 

“1 woulkllilk&otpapaint so that all wholthaveyyes would 
see exeyyhhipg ею Пу” — such iisththereaciatiweeerked of the 
рашит. 

10* 
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And Сола Saladgdsqupes, as was moitieekbbyrárt critics, 
are all based on curvilinearisy. With himtlthe classic 
perspective is distoutpst(((mete that Surikow, Vrubel, and 
many cthker painters weeeablsacaccased of this 6$). But 
Cezanme*s many-gmounds are of an absoluttdlydülifferdnt 
naturetlthan, say, Poussmss. In wookks of old maasters, a 
Soviet art critic attracts our attemiion, the landscapeinn- 
vited шпон беер of the ppittueddiotoimguour sight to 
pass gxraxthadlyyfifanonth ehíerfegneg noditidtle bhekbackgtound. In 
Cezanne, on tlieecootrürary, it is almost as Ш the llandsegpe 
coumtexatts the intrusion of the sight, forces it to avver- 
come some resistance, to wander over the space of the 
picture iinaddialylyoropiplexananener. The wait of Cezanme 
is pereeberinralabusrs, in ttleeaaitieeverárk of perception, 
because ttieeppaiteterr&renemstte che théfienifiadgimnage of the 
world, logically ppassnygoover to theediiisoowsry of the emo- 
tional and pblilibespbiridal perception of nature!” 

When lookümg at Cezanme5s world, it seems that it 
rotates, rockimg abbaut the weritaal axis of the pittuee. The 
painter tunnelloout many canvases, tryimg to гпаавіег the 
dynamics of bends in maads. Не caudaiioslslyivioletes the 
canoms.aff painting: his paimts donoot fade out in goig 
over to backgmauniis, as it was considered necessary 
accomdlingtoctithehtloergry of air pesgpettiee(ábbout Surikow5s 
Boyarynia Wivcagvaa some агїйіс wrote: "Tüxeszeisswmoirair 
perspective, which could be easily achieved by erasing 
some of the figures of the backgrounti}), lines do not 
converge asissreqqiraédybynkaear perspective. Objects seem 
to coonvvegge in theeceentre of the picture, the baakkgoondd 
becomes simultaneosily far away and near. Cezaume 
painted "Timppessildéifigeres" even whanthherevaaameaishch 
atterm. He direwddifferent sides of objectsffoomiidlfiéfenent 
angles апйсоопвес рено forfoznarátunity, merged imtoaa 
wholeness; his @jpetts, as Ш were, tum iinsgpaeeao wiwith 
one sitte, now wiithanakbiher, and ssuthaannmswshial feature 


Ch. 10. The Fiat ITheee-DrimesisioaiaWodld 14 


“comveys dll the pikasttceaypressivaness of the sqpanateppasts 
of the landscape.... The totalityobf procedures prodiues 
on thkecaurasas а mewppiaturegquepapace. " 

[Exactly so, a spave. To ayppaiteiespspaces difdeffetent tham 
it is touss. It is omgrarirzeü, it is sulbxlusübbylthtolpgic of ar- 
tistic creation, it has nome of the fortwiisss which are 
characteristic of the wotldweeceeechthnghghvandondow. Our 
sight  involumtaityy seeks some agreement, rhythm, 
order-— such issthheaonstctiction of the hmmarivisal ap- 
paraitiss((whlyytitisiss isoswiWibb blesdüssusskdelater in tlhe Hootk). 
And thkepgiaintetodves the wokk of orgamiizimgtbhenntaterial 
for us: take it and ussetit. 

You ooitynaecedt at first (о пайке some efffort, to teeabh 
oneself, one's brain, to wiewazpipiece of paintingiim aifiif- 
ferent mamner than a caroor a pair of shoes, that is, not in 
such appmmitieerahprgmactical manner. To шпйеѕывафіріс- 
tures ttáleesssomecuhüolgng. ChildrenttzaeeIthewlitkneitith 
a finger to distinguish an object in a picture from 
others — the шве ddentificatioappapparatascasfrondused 
by ре tangle of lines. Their parents, sometimes with аа 
measure of bravadlo, proclaimtbheitaldck of understantiagg 
of some painters: everytlhümptlt&werés is so diíféerent. They 
are umbbleotthithkink of а pittueesas wiwiodawatothaother 
world! They cconsider their opimiontlthe:dplyriteiteriandand 
applautthher¢nitia wha oneeragnoganitestated ParisiBarisian 
newspaper: “Ном can Wir. Corat see matureaahheipsrenents 
it tows. Whemsstoulliggniththe woods we mewer see ttrees 
similar to реве depüctedlbbyMMYIr. Corot.” 

Such ppeppdaaréofidnd of photographs, especially «ülour 
ones. But even thee photogrpbhy of todayismatot what it 
used ttobbeldeckatesgago. The wotid of photographidimege 
ргофиееНЕ лога ranrimdoninpoint is araaddomlglance. It is 
of absalutélynnóninterest, what an amateur photographer 
uncovers bhaiigg|developebishissfirst film. What seemed tto 
be so beautifidl appears nawseatingiy borimg: the mood 
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that accompaneedhimmw|ehdre тийе the landscapeiss 
absemt. But whence dbees it come Ёоо, that mood? Hdow 
is it to be squeezed into the frame? “At present a 
technically skilled image is ассержй as а fact, as 
something that goes without saying. Claims at artistic 
photograph ynayagnbnbe inadmbgewbyksvorks with profkoundd 
comment and perfect fornm”-— having reeddhihis the begin- 
ner tums tothheory. Much (о №9$ surprisehhewiMil reveal 
that modem photeprpbhyestsks expressive means to no 
lesser degree thanppaititgmg. A riithvmäeiştyf of објјасіме=, 
special film pppoesssing and primiinggpprosddeses; suffice it 
to qppernianl lilfusteat edagaapavinsdolbsee tiókerdifferently are 
the apppradatres of photographers, how thegyggmwevbriaodrd 
іп thbir attempts to express the world — exactly to eex- 
press, not to reéféect — with anmaniralal apgpirooirmdáiéortoto 
what paintersddo. 

The ssipper wide-angle caneead'(iflishyeye”) distouttsimmgge 
exceedingly, tuming straight lines into arcs — just 
rememiber((Geaanae. Solarizatitontuurns ahplitogrháphic-pic- 
ture into a skeleton picture painted with a bushy 
brush-— the extremelyeembtéhrsixedicfipsres have been iia- 
vented blyyVMafsdgbgh. A adbomeddalatsdspapearteade into aa 
cluster of colomratippoists — Seurat, Signac. 

No, I domi want here to act as a prosecutor of 
photagsahhrzs, accusimgthhem of plagiarism. Simply, this 
appicmathis yasr jnieitestésting, to mike caranreratmacartsort 
of brush (éaithogginuwradded üetnot just a canera, but also 
many other techmicd! means). Theaatiists of photography 
take cevargerentetibivertién inytnyitrgato was weratlpealppeal of 
the Russiam ppeet Maximilian VXbdelshin: 


Tosseeal]l, to unddesistaddllall, to ecxreideneelàll, 

All the forms, all the ccoboursotatake in bbytitheyeye, 
To weákkoverer the weotddwiit bubuingifigtfeet , 

То aaceppt all andlaggainotindncmteate. 
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And their attenptsaereatot that unavailing. The further 
they adware the more they deviate from just copying 
space. They creeti¢heleir space onrelsietets of phottagnmpinic 
paper, and comprtieendd the real world пет own way. 
They Васе nomeeryy remowmgaanttinngxexatraneous from 
the frame, they make positiweppntsts using ttwecoror three 
negatinesiif the eogpeesiyeanesss of oneiisinnsüffCieient. They 
see Нее world likkeraitists, each imhisisvawnayay. 

Let us nowreeedde intothhe past, two and a half cen- 
tunis back. 

St. Peteribupg, 1715. Tem years before the death of 
Peter I а Marime Academy was opened there. It was 
ordet that the fidliovnggsibibgectyoublibd thadaught there: 
(1) arithnrttiç, (2) geometry, (3) small arms, (4) artillery, 
(5) nawigaiton, (6) fortification, (7) geography, (8) the 
structure of a ship's hull and rigging, (9) drawing, (10) 
fencing. 

In 1716 аа Surgery Schowl at St. Petertbugg military 
hospittdl was commiissiomed. Here, too, drawüngwwas one 
of the subjacts. 

What were sstwidentsrdwámdng? Parts of war ships, cam- 
noms? Organs of the human body?NwWütiung of the kind: 
landscapes and porüráits! Why wibhththexextnemkoshert age 
of educatetippegiplet at (ће шег, wheniit was necessary to 
traimaas mamysppecilistasas possible, did thegyvusiete time 
on aasceemilglyselsekess Шаар? 

“Drawing takes as much activity of the braim as 
science,”-— who said this? A nmddertyriysical poet? No. 
These arewwotds of the tteatker of Surikoy, Repin, Vrubel, 
Serov, Polemow, Vasnetsov-— Pawel Chisityaicw. “The 
teaching of drawimgconnstitnetesoso important a эфес for 
development in chikitren of the ability áolebseeve and com- 
prehend, that in sdhoddstit <Һоші рери! on equal footing 
with other subjeuts;" — these words also belomgtédihim. 
The mames of his great students, artists of world reédonowin, 
prowewwühtpigeneat weight the truth of his ttlongbhts. 
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Perhaps now we are gradudly coming closer to 
undersitantiiggwhhyoaumpapsztint pictures amkbýtheroidok at 
those pictures. Andiit becomes dllzarer why gyoatipjsiotures 
are ssocoomraletrerisivéiithdireir expressiveness, why tdkmeed 
pieces of painting aarsabahatd desaliseribwondwords. Is iit 
not because НН pipictarth¢here ssmothiethimgrmore than 
just adiesire of the paantter to déepict something” 

To pondkr... To think about the world.... about 
your place in that infinite Universe and among your 
neighbours. A nakkdd hunter would traceoom a cliff the 
outline of a Фат pierced wiithaaldart and believe that now 
he woùdhiavbihipaquarry. He ttréetatoononicei vbetlaevia ws 
governing naaturenabd, to affect them. He iisnnot to Hane 
that ratüormdlisitciddeas about theiintepbigy of events took 
millenmia in comüng. But he, undaeuilitediy a man of 
genius, not only acegpeddithe whtid árpacpleuliary way but 
he mamaged to bring his perception to us. The Soviet 
theatxepprdaherer Meyerholdnnoted, "We often iurpgyenetal 
see tthewwarldhthughghe tpecpebtacles that one great artist 
or another wore.” SSubh a profound defimition of what is 
generally соА\еН" бое experience”. The arreatveeststiioke of 
one manbbecowes apsphirfkofnoan хи ici mygiaty sfimtsstarts, 
and thoughts are engendered in another persom, in 
thousands and rmillioons. 

А ppsybhblogist, Агні, now woorkiggn thethe USA, 
wrote: “Appodduct of fine art is mot anilllustnation of an 
audhois thoughts, but a final mamifestatoonfof thinking 
itself.” That is why thke great works of masters live sso 
long. It is sailltithat when Wfütletlangblowwarepepnimaaniled 
that the ppontraitofof the Wiediti dukes did mot suffficiemtly 
resemble ttleeir originals, хе great Italiamaskkedd, "But who 
will notice iit in come hundxedyyem5?" Ideas behind ssome 
pictures ssometines ovuetshhdo wendrishistory. The diesigrer 
Nelson, mentiomeceditter іп thee book, wrote: “Botticelli 
was anlitihiapapainter who páineddwwomen'udaces de$hey 
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were never paimted before or since. Many people 
remember Botticelli and his jpictuees, but who сапе] you 
the manse of the political boss of Florence att that time? Or 
who siad the biggest impoutüimgbübxisResss in Wemtee? Or 
which city weasaat war witthwhith, and whovewor? АА іп 
Russian history, who canoóffharidiaamedheheatsarshwhol edled 
when Andrey Rublev, Briullov, Kuindji, Repin, and 
Surikov weokkédirahlivlided? 

Great canvases aareimnmontal because ttlessakle of an ar- 
tist'sthbagbistisiigege (it shou mot be fforguteertitivat col- 
oristics, too, is a reflection of thimkimp). А ggreat man 
never confines Hine пів raisheslell, never evades ttgpicál 
issues of life, althoughoonhthmdiace of it, it might appear 
so. А pott wrote: 


And siimcetltheylididonot recognize him, 

He diedittettamaiaint himself. 

And thkep pictuereanamforforthlitghtight from diakknsss, 

And eweeyyivaid ys lshotetEd : 

This is we! 

Yes, with liiswookks of art, his оі, ап artsst (шш 
tothhe general masses. “Praviid” герошеНоюске: “ап eex- 
hibition of pictures is always a citizen*s formmfdor the 
painter, who eeypsses for public assessment his ideas of 
life, time, and man. Here, in conttatt with tthebetlobider, in 
the company of work of his colleagues he has the 
possibility toaetest the health of his cartisticatatititiedes, the 
depth of his understands of the sşpiiituhl needs of his 
contemporaries.” 


Chapter Eleven 


Direct Coumseqguemess 
of the Investtdl View 


Amy idea жакет ttooouwway of looking att 

things and ffebiiggthttraralabyaseeneems in- 
congruous 10 us. 

Helvetinss 

Concerning tthe Ма 


The invertstwodrldahas long beeam arustupiindihlpdhlómk for 
physidlogists. It was Фаня, if you reemerhber, from ве 
geometiiiad! comsimetioon of the раф of rays in ttieeevgesas 
drawn by Héepter. But the first to see it was Descartes 
whose itthessppblidishkih in The Treatise amLigght guided ве 
secondi half of the 17th ceemiuyy and the entire 188heren- 
tury. Descartes took a bovimeegyerahd remowedlfifroritsits 
back wall the nomtranppanent layer, and themfifiadd that 
natural camera obscura in а феи in awinldovelshtetter. 
And ішпе pncthethensianshicent sphere of the aye, he 
saw (Нее view Ihecoolddbobserveoiirdm the window. 

The view was inverted. But like Hégpéer, Descarites was 
not put off by 5$. He weasssrrth&hat the som! even Ёрат 
SUCh. “sigms” ids able toreeoosistmuct qui&eaaental image of 
the maatérlal world. True, he did not ask Himmetl Ами лег 
the sso] would Баі tevreverke theganage more ifnore if 
the picture оп’ the retima were “rectifiet!” using lenses. 
This questironwsag око Чувуфайеменуеа рая apdoai priori 
they decided! in favour of the soul, that is, the Баш. 
Helmihültz, for example, prowedtiihis using assaarexexapixple 
people whhowwdrWithithicniscosespes: they quickkty adapt to 
the situaiionwwherth¢he right side iintthe field of vision iss 
the left ome in reediligy, and vice wessa. Also aastoomomers 
are not distuibelbbidhe invertetiimgge of the Moan in 
their telescopes, and photggnapbers using cameras with 
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frostestlogdas{ {aarti tyowow) experiemoe nodüisoorfdfirt when 
lookimgaat the “invent view. 

These exanpjdss, howewer, do mot canny muthhwebht. In 
the miicoosoppe, telescope, and frosiedlgblassoíof a сапта, 
тай ddelds with images that do not have stereosogpic 
depth. In, his visual field Heedakses not see ltisoowrmhdnalads 
and he dieses not havet6ocaodriditeabés his mowementts with 
the araagegement of objedtsiürsgpace. Observatitons general- 
ly arennot very long, andthias is ЯвоФффе takem. into aac- 
cownt. In anntstsHell, a dhecssieeeeppemmerdnt was mecessapy. 
It was first staged! by Proffessor of PsychellupyGeiegrge 
Stratton of CalifmiaaUbiversisytin 1189896, using limsstifaas 
the ssibigect . 

At first his peroeptiioms were not that артеез Е. His 
sight remiirlicklear, but objacttsapprearethifhinyastrange. 
He wrote inhixs diary: “The impmessimnwwas that these 
displaced, false, illusoryiinagges reside littweeamnysadlf and 
the objects as such. Things were seen one way and 
thought of another way.” For the first three days the 
scientist experieneciinamesea and other symptoms of sea 
sickness. On Шефа ау bigarganssatedart еді return 
to пооптав|, only missakkesnidetsteimmapirghtight and ё: re- 
maimed, and onthhe fifth day ceverthdyewewegongone. The 
mam adapitetititthahe umusudl world. Amd when ве spec- 
tacles were remowed, the tramition to the earlier, 
unimweirttetwexddldcaoecudrediaaingbinglickdyickly, withim ooge 
or two lhours. In other words, the rrestnaotrinmg of the "tin- 
verting пиве Нат оао theerkpentment left the вгаВег 
‘habits of the braimuutttoakthed. 

Unffortmaaticly, the vediee of the experiment was substan- 
tially redduedd Боб Бу iits short duration and by Нее fact 
that the invertimg spectadies were momomilar. The “in- 
verted уо Wwaeasnbniyewiesvbd die ene. eye. МеапийШЕ, as 
we lkmow, of great impentameddior us itsbbinodalar vision, 
which imppatstsiabelpth abjanbgects. It might be axssumeektitdiat 
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by averttunirigghtlieowdrid bothbotts eyesxperiexperiisentalist 
would coyperteneststrogeger effects. 

This was cewachly lth easase lehet) 40 ауваіед ег Straittore s 
experiments, his conppatinot Peterson put on Ibinocldarrin- 
verting ssjeettattes. He wate: “I saw my foot approadttingg 
me exer а myg, which wasssomemherenifirdnont of me. For 
the first time I experienced ssublunummushal visual impres- 
sions as walking toward myself. Plates on the table 
twisted sechtltat they bbecamersnihll hills, andiit was weny 
stramgetdoaobseevwespospoonvingving.dtophe top of liquid, 
remove it — and müthipgpspilled. When П entered adolong 
passage, I foumd that the floor looked like a cape, on 
either side of which walls descended. This was all the 
more sitranecsisined dorddldudugdie thellwatishwith ayydhands. 
The ума] ааг the end of the passage lbodieedaasfiift it advanced 
towardnme, and tbheisidevalddlssa$ if they mecetteldifrfnom, it, 
although! I towcheditl enw itin ym rhands. " 

Just like in Ѕігайолеѕ experimemt, such disagreeable 
sensations disappeared in several days. And them the 
researcher simply tóoblnamotiotice of the invertimg ldeness 
until the very end of the experiment. Just as if he were 
bormtlthat way. What is more, when ве montihs later 
Petersanpput ontbhepsptetáeles once зараш, it гиппей out 
that his bnini hientimlepelapdadindid not forget the 
habits acquired: The scientist felt absolutdlycoorfifrntdble 
in tthe"ffinetet?d" world, as iifthherdhdhdebeem nocimterrup- 
tion. 

What of it, is everythimgctlear, is everything ssolvdd? 
Scientists would mot be scientists if they diitinaot perform 
their experiments over and over again. New wworkers 
always make their own contiihuioons to experimentdl 
techmiquesseaatotchahedvwnéiwhlight on appsblelem. Exactly 
this ttoxkplplace;lveherrddreddriSkeSdeydecidletiderbrtentrepeat 
the experiments of his predecessors. He wore the spec- 
tacles for a whole month, longer than anybody before 
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him. With ttineehhelzdosolelselsorfnrgot aboutt the gasses cand 
Шой! that his braim had completedhyraetuened to the 
perception aff the imwertellweokld. But then sonehatjyaskkdd 
him; "But still, which aihgectsidnavgoyoreseen: direct or in- 
verted?” 

After some thought Sneyder answered: “Before you 
asked mte, they sexenmstitedodetantalimdimpmaorttyally. Now tthát 
I remember how уі фовкефеёеѓеге І put on titesseltenses, 
I amfforeddaeayayahat I see themaasinnesri¢d. But as long 
as youddichaot ask me about it, I absolutdiydiidhnot notice 
it. » 

I rememiber.... I saw... I see... What is it? Is it 
possible that we possess two visions, "visible" and the 
other "imagindiie?? 

Psychollegiistsattttiemiptbto вргаррсрабћ pthebkerobleradbased 
on the division of perceptionininto "visible worlds" and 
“visible ffidliis"nmddeybgh ehenzennemicariestientist James Gibb- 
son im199680nihidiiodjook Perception of the Wisiall World. 

The Soviet psychalogimt A.N. LeontüewtteeatshtheviSvisi- 
ble world” and the “visible field" as two stages of the 
same process of vision. At onesssgge works the "sensory 
tissue”, that is, thereetina, that brings (о Шефіајп, as iit 
were, a flat pictumeppojeyeetby bye tlrescriystallene. lens. At 
the other stage, the “real contents” is worked out, or 
rather it is comstraotddnithetedindinsbasedtlonwhddvorid of 
sensory tiissuarahthdaspast experiemce of mam. 

Logvinesikoarahd Stalin of Moscow Udniesisity turned 
their attemtüonidtohehecextnelyelgmsimilar descriptiionsoéf the 
“visible field" and of that strange world that people 
observed through invertimg spectacles. And so it was 
decided totéest whether or not we medliysseththe "visible 
field" throughirnnexitinpeienses. The ssibjgect was asstddent 
of the HesyhbilggyHeparkment. She ffirst of all learmeditoo 
view tthe sunrountinggweiddl dactaocindingGibséiibson”. And 
them she pout on the invertimgsppectaleles. And when sèke 
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got usedtedhthe inverted wwedrld and it becameffor her as 
habituedl as the nomm! world, she tried to peer into it 
again "dacontdme faibéibson”. As hadbbeurexpqoteted, the 
view lixffordibier overtiurmekhait it did amntithéirfirst day affeer 
she had just put ом Неег spectadks. 

What is ome to mekke of it? Олуйа! the imeageinneseted 
by tüteeccysstüllieéelenis isigppedieg thy thénreténina brdie brain 
as an invertedimagge. Themtltlsis "visible field" is, as it 
were, overturmecbyy spespacial пешютптесітавізт, one of 
the cthanalsls of Шепищёч Ване! system of visual percep- 
tion (ром w evbaka vepepedltedéfereférred. The сотен Ив 
image is invariant under tums, and so there are no 
obstadies for seeing objects and identifying them; but 
whether or not the woolddsimievedéd rmligalstyepenteported 
by asppeciabyupqseschainarinel to theeviaisalal apparatus. Just 
recall your percepiim of the wotidwwire yoychaihanpsidpeside 
down: people and houses ооо! cease Ног you ttobbpqreo- 
ple and houses, and yyoudknow that it is mot they Ци you 
who azeaipgpisiddosown, ап н< infommateorisisugphiplied to 
the braimbbyhthe vestíbuilar apparates and them the braim 
makes comrecitonsotthathe perception. Іп ѕѕпа 11 babies the 
inversionnmehhmimmrhahas not yet ѓоптеў, and for them iit 
is immaateiaal whether or not píctures showantédhthenreare 
inverted). This compkttdlyresmosetheheagedgicbrablem of 
whether а tabhyyeeebihpapartesntsndiagdmghen their feet or 
heads. Не jisst sees йет parentsaadd that is alll thereisstao 
it. The notion of top and bottom comes to Himnlalater. 

In amadidult, however, over years of practüicetlihe “top- 
bottom” chammeél leanms to prowitte the infonmatoon re- 
quired]. But what has been taught may be retaught. In 
other words, we areabhiectovenédride: Hignsignal “the world 
is upside down” that, due to the presemce of inverting 
lenses, keeps comimg to the braim from.thbe visual ap- 
parattiss. And themthberés isottothingysteystesiouther'inhe “in- 
versiom^, when eanmamhdhhehàsnipggt got used ttotleénnever- 
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ting appitissudldédanly, by Шее force of his will again Heegins 
to ppereereéhthe world tippisiele down". Thettrii5ksisisiniple. 
A х Шор stimuilusreemosetthe ban, and the sjgrdl “the 
world $ upsiüdedbown" antivesaat the loraim. The сһә! of 
inversionckéréck operátes and remimits the mam that the 
spectadbssaare still on. 

But onlythhe human braimissapapable of such coomplex 
operdióngs, which goes to prow’ its especially high 
developnemnt as compared with the braim of any other 
creattuees. So witeenirinertinmgpspeciaslas are put on aan аре, 
it results in a destmuttyvee psychaelhygécà] blow. The ape 
staggers, makes someimegglaar movements and collapses. 
We witmess a classical coma picture: reflexes die out, 
respüratonrbdseroenes rapid and superfficrd), blood ppresmere 
draps. The anime] looks as if it is about to die. The 
ашпа! remains for daysimthikhis extremxdly acute condiiiin 
which is indicative of heavy damage to the nervous 
system. Slowly, step byyststep, the ape’s abilütyyteo'esespand 
to еохеспаја! stimuli, if omlytodhthstretrgasgest omes, retums. 
For the most part the ape lies motürnéess, as if it has 
switched off the summunkhgg world. All of this “exactly 
remümdisthhetstate of am cammmkh! which Haas gome blind after 
a disseast". 

And what about mam. He withstanlis even mwbh more 
complexinrpqxists om his visual system. In theair follow-up 
propgranmmee, Logwünerkoo and Stolim used lenses that 
distenteekiitheorcainelatibenbetwden pdsitiposition of an Обе 
om the retima.and signals fromtlthe musckes moving the 
eyeball. Nonmálijydithe situatitonisis like thiis: the closer am 
орут the more intemsdlythbepptatal axes of the eyes must 
comwergefdor the imagenoot to doutile. The spectadles in- 
terffenetiwtthhehtüreitect relatiionbpy making it inverse. The 
visiom would! order the eyes to comwenge, but the com- 
таш comiimgffoonshthe braimtoahdimundeslesomduld order 
the opposite, that is, to diverge. At the same time, the 
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muscles cortodiligg th ervsyallallérlente(imtireagaagestust be 
kept in ао) must also leefdédviwitlopfappesicetncom- 
mands. The Брата, you see, had abhatduiut to cradk. And 
althoughnndtinin p Hikenarpeipeesateantvors else xybsbrved, still 
the l'baainwasatottdtulbyfBa(fled. All the rootitinattttidadés in 
the Нишаагв\йир фес! were dianypted, and ffeeth, unusual im- 
ages emerged. Shadows, for example, ceased to be 
shadows. They cmillti'Dbegqreeieredovous asethelcotour of a 
surface, now aas attnamgpement area wWüblbibláckmgrtipeness 
beyond, and mowagsosomgepeliatianitshmslucent plane, and 
so om". That is somethin! "Trangpaeent shadow” con- 
structed! by the lbrámoohi pdrarsase it is umadkllettocaonletate 
visual and mootor signals. 

Yes, all these eqmermeent slelemonstrabe ybeydad cauldoubt 
that the piittuess of the wailüsseerbbyhtheyeyendridefkefüect- 
ing" medlity, only ndftect it accurattdby аа ов gsashehasuislual 
apparátus and all the senses function nomnmmullyaadd in 
cooperai&m. All the ppeceepeexgrgans must take part in 
compuehermiiiggr adalyty. 

Gibsouits “visible field” is, crudely speakimg, a 
photagrapbhaqpictere of objects ppoddueddybthehetietina. A 
photygrgih is primitine, flat, and telling us next to 
nothing abbout the world of photography. The one, a 
beginner prodiugss withowt any idea behind it, so to 
speak. 

But the "уз еу atredrgadpiatupécture, an iimagge. 
№ wonttereeppdrieontdeackehersatinithathat each of us isa 
painter, and the only thing that is required is to free 
oneself of the pssytinidegiad! barrier. 

Depreciatei and poor, and hence inadequatdly cor- 
respomiling to reality, is the world for people deaf to 
painting, sculpture, music, and the arts in general, 
because it is the arts that refine our senses by апт 
their scope antppsishingsaledhetheubduridaries of the com- 
prehension of the уме. It is ahout such ppegyetit&pquoet 
said: 
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They ddonetot see antiddaatot hear, 
They lliveitiniatanksess while imtlthis world, 
They mever feel the tneedtlofof the шп, 
Nor know of life imthhevavasesf of the ева. 
Light has not enteredlinnicheheir souls, 
Sprünghhas not flowered поет breasts, 
Woods, have mot spolkeniürthtieir presence, 
And thhetstaynyightght is dumib to ttleem. 
The thundiersoommvhdsesenenebhytsbeapeech 
Disturtbs the riveess and shhkkes the wemods 
Has never takenccoussel at night 
With tbheninirfrfebetidllyoonvetisation. 
(TramilatetlbyedesséeVleldin) 


To Hsessure, all the &оуефруоовавапѕ belittles ttieerolile 
of science, the mdte of the Піса] in tlieeconmprehesision of 
"the мо аа Ев of natuxeggsveniigg. But the ttrubh 
is tthat the great scientists drew оси Пе arts as азо of 
suppatt for them theomiíicd! studies. The French 
mathamattcaarP Potavanéamaintains that “usefwl comlbima- 
tions careppreceklylelegant combimatoons, that is, those that 
to ttheldaggest degree areabbledc easistfigfipahat special esthetic 
feeling thhat is knowmtdallall тала ааа.” And Karl 
Marx sitaeddtit even moredd&Bfinelgly: “Winattecerditsddwant- 
ages are іп myywedsks, they have the one advantage of 
repmesemníine ‘an artistic whole." Science reveals general, 
"abowe-humarn" laws. Arts study man, cognize the 
“human” in objects and phemonmme to which he is 
related, including imsceiencatsitkelf. Science ми ош! arts is 
a arüitiaaddücbobtibhqiememanon, together they гарез sang 
glorifyimg maan. To peretaaténintthahesessence of things, it 
is necessary to have in one's imagination an adequmte 
model of the wooldd, of the уеруу Vieisilelevevblld" we lime 
just discussed. And without arts veryliitkle can be ac- 


compliishetihbere. 
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The Austiiannmthehertiatáciámdelódel early in thee 1930s 
prowedlaahtdüwrenenmhbathat became kknawnninogogmnidredheory 
as the “СОЗ (есиет. It states that any fonmdliiæt, 
logical system imppricipiple саши! be conpitete. That is, т 
it there cam always be founil a statement that can be 
neither disprowed nor proved using the meams of that 
system. To dissasss such aaststatement one musst go уута 
the system, otherwise nothing but a vicious circle will 
result. So, mamy phiiesplpdrers believe tthat arts in mébatoon 
tossotenee is exactly that "other world” which ome must 
enter tossaitshfyhthe Со theaxemirneteliatida stóescience, 
that gigamiüicldogidal system. Science opens up bbéforesus 
the eal image of the wotldwe¢titwmin — andsstill it would 
be їп [неу опоо arts. 

The saying goes: “Each is the maker of his owm 
destmy':"Lbiet us add, and of his “ман емо”. May üt be 
rich аа beautiful for each of us! 


Chapter Twelve 
The Palette 


.. For colour to emerge are necessany 
lightness атй ddükkness, the йш and (Не 
dark, or using ameoreepenatdbrfonbayla, 
light and пот. 


4 Goethe 


When іїп19093һеһе French cthamsst Louis JaoguellIuurubre 
(the santewhhdogmbther with №5 Броне 4gnsustea чат еа 
СЇЙЛ ТЛ ) decided ttoggarirfofor colour phootegralphy, 
he Koeswnathtihggbabout the sstmoturefof the гоёішаа of the 
hen. And still in his new imveatiion he nearly literally 
reprodiuectaanmpopertant featumeoóf its sdhmre. 

In tteehkean, just as im memyybbitdamhih sois@mpespecies of 
turtles, before the completely iddeticidal retinal receptors 
natuxe placed light filters-£fat cells of red, orange, and 
yellow-greenish adtouy, in aitditooncoctololedess ones. But 
LumiüeérnetooGigiiasns of starch, coloumedtihenrerbd, green, 
and Hiec, and ttieers;spnirnlkiediithiBrthreoloolour powder on- 
to aap pivotorgpáiphidapiate. 

The iiveenoor was guidtstibpytehtheheory of colour vision 
that is now ggenealdlly refenreditdo as a three-component 
one. It dates back toohthtedectare “A word conidtherigrügins 
of light, which represemts a newtltbeory of colours", 
delivered byyVMtiidilil Lomanasxovaat appiübbkic meeting of 
the Imperia! Academy of Sciences of July Ц, 1756. 

The great Russian scientist герой: "I once noticed 
and obserwedlthmogghamany years, and later proved bby 
trials with sufffitéent. probabilitythhat three symediesoóf ether 
partidies show acoreeppoddeneeviwithhrebree kinds of acting 
elemental pamtiidkesthhat constiitatteseansoypdatidses. From аа 
first type of ether comes the red ссффоцг, from asaeanohd 
yellow, and from thhehihird blue. Other colours are hvonn 
by mixing ttleesefifatst three. Natumeissaalll the moreaamaizigg 
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in thhat ір 145 simplicity it is full of tricks, and fromaa 
small number of causes it promoóumess (sic) innumwerdbie 
images of propatiéss, changes, and phkenormend.” 

That bold thought was not appreciates by tbhe them 
scientific wwhid. It was пом until half acesnturjalater that 
specialists recalled thids theanywhharththe three-conipoment 
hypattkessis wassspppoet-tlyuhb ah diisblishypirisicist Thoms 
Young. Не notedtlthat Lomomoesow$s ideas gave Hii, to 
use modem parlance, material for speculaiiimms. Young 
paid aateatitionotdecthelfselfidendent fact: the métiaarmmist in- 
fonm tiivebbriaababout the siigreaarid:adolour of objects. But 
апу атг of the inmegenmaybbedoloaded amyalyaskade. How 
does the eyyenmanggtotsecetdl all the iirffititevaáeigtyfof col- 
ows? Idstit possible thaat at any givampblacerothethatimetina 
there is anirififimetaumbeber of elements whose taakKsitoto 
respomdltocommepepécial colour? lhisssisiuülitely, for the ar- 
rangement would be too complicated. It would then be 
logical to suppose that colour-sensiíiwe elements аге 
relatively ffew, but it is diuetaahtlseir combünede&ffett that 
the sensatimnobf the infimite richness of shades is pro- 
duced. The three соіошг-сагуў ethers, mentions by 
Lomw«mesow, are tramkorme|ddninto three colowr-seaniiine 
elements of the retina. Young's assumptions were 
developed bbyHdielnohtalia the the years 1859-1866 into the 
three-compomrent theory. 

It is now wël! established that the retina has colour 
photoreceptors-coonssefof exactly tthreeekkidsls: some Шале 
maximal sensitivity ttor¢éd, others toqwigreenndnctyet others 
to ile. Scientists axennmaaggtdotgeget with ttheeimmeasur- 
ing ümstrumeent to ttteeconnes of the тіпа of the ape, which 
distinguiisires codbour s ewmáylysaseWelb asaman. The sensitiwity 
of its cones to electromagreticc radiation with different 
wavelengths stinowdc: aasisfisfantonyragneement with ttheory. 

But natuxedddihoot install any ligit filters ію орос of the 
photoreceptors of our retima. It was more ingenious: it 
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produc several various pigments, each of which 
respomds primarily todtstevovquajlianta. Should owe of the 
pigments be absent, man does not perceive aypoppHtte 
tomes ап@Цеесоте$ раш Ку cobbauibbiidd, as was theeccasse 
with thee English pbiyysicist JohmII2Hlion, after whom thaat 
deficiency odf vision itsnmowcalàdltdadialtomism. By the way, 
it has been discovered in Daltom by nome other tham 
Young. 

Comes, compartvediyweekklysaesisive erahcboormuentrdt ed 
more near the centre of the retina, are used by dday. 
Whereas гоо5, which as ypourerweinbesrarbabout 27 times 
more numerous and wilibhrontaihethe pigment rhodgp- 
sin, we use Нууп її. That is why titesyppessessssakla hidligh 
sensitivity. Unfoutunmatbly, there aremot three but only one 
type of rods, and ssoneiither by twilight nor by mht can 
we discemceblousrs. А ssayigggees: “АШ cats are gegyinn 
the mest.” Тһе гооа5 are abbtactocseopdinditheither to reed, 
nor toopaapge, пог to yyéllowrayys, and thhber&forebjehgects 
of those colours appear black under poor illuminatimn. 
On ttheeodttehamand, the “might” elements of the metimaaare 
sensitive to ultraviolet radiation. True, we dio not need 
that ability: the anystdllimedans, like alljght filter, cuts aut 
UV. But if by appezütionmhethe crystallimeldens is remuveeti 
and repbiaeddyby pádagtiasiaoslens, tramsparent to sivortwaave 
radiation, patiemts them read thhertntire ophithdinudiogica! 
table inttiediBEht of a Шаар. People wiibhnaxonnial vi- 
sion sseenndthig gnaeder such ciiraumsssaneesiad chithinkathat 
they зав фе g edecerded. 

But back teahthdutéeeoggmpenent theory. It provides а 
satisfactoyyeeyhlanátionf of how waiünssppaitsts are fformedd 
out of spectral colours. It suggests waystto' dedeceeveniethe 
eye antitécishowo to it one ciloirbbyninixingansinf of com- 
pletely diifferant rays. To this end, it is аЩугеваии 60 to 
stimulate veaiooss cones iinthhapypppoptmteaway. There cox- 
ist, for example, a multitude of colour coonbhinütimnthahat 
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are perceived aas white: wavelenghts 486 anid 590 пт 
blue andoonamge; 467 amni5572 nm-ddakk blue amtlysgBliow- 
greenish; 494 ami6690 nm-reeld and grem; and ssooormhd 
so forth. Red plus green may give a beautiful yellow 
shade, but it can cdisobbelübitairiddofiramigrangé гаку navy 
blue. Recipes for produingaanyatolour from Ве middle 
of the spectrumaazre legion. Instruiions are репа in 
їехфанб&$, but textboakss keep silet about what theory 
does not explaim. And it does not explain quitta Фот. 

Let us take for example black colour. Generally it is 
associated wwilbhththebabkhahiveblabkabadbody, that is, a Бау 
that або all the radiationininicident oniit. А дешїар- 
proximatiiontdeosdeideal ап obbject is aassmlll hole iinthhe 
wall of a boonlitinedithithadHaciveelvet inside. Absolutely 
black bodies are necessary to physicists, they are their 
referemoe standards for light measumemernts. But Goethe 
was might in sayimgtlthtat "tne existing dbees not divide thy 
reason wübhout a xemainider. "T hElferfetirotioging of physical 
instrumenits is ffar from еєдінаріепі tothke functioning of 
the eye. 

The Soviet scientist М. D. Nyuberg likeedta daha vedig dig 
at his postgradluáates by posing the innocent question: 
“Wiat is ttleecelphaur brown?” Andreedlity, а ppamter will 
get it readily Iyynminxingocumareendrldablapkipajnts, but such 
arrest only comüfgmses us. Black, according todtatéefafini- 
tion, is anseutial component that equally abbsowbs all the 
rays of the spectrum. It would seem iit is only abbde to 
reduce ttiecbtipigintisess of colours. But black jpámt changes 
colours blyyraiaákinghdisesnchutht that are mot obtaimaltebpy 
the mixing of pure spectral tomes. By tthe way, why is 
there Неее ие (and wiliiteppaint), but no lllladkoor browm 
light, althowghtlthiere exist black aambinowpajpasats? 


$ imidjsnanametre, 1 om = 0.000.001 mm. 
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It may маре that vision camoot be couffneetiwagihrinhthe 
existing bbondalàeses of the three-conpporent theory. This 
fact, however, thougthnnot exactly ignored-iüt is iimppossi- 
ble mot to поомев те obvious!-wwas evaded. 

Atitemptshhavódscemadade docaicoount for the effect, for 
example Hyynmüaitaiaininghahat “bladkreddueeshthbrbgigintstess 
of paimssaandhthefefete)(?) of colowraasweHll”. I took that 
quottdioon fromonme fairly respectable bookddevetbd to 
colour and light. Perhgss the author made no ex- 
periments, othemwisehheveddld know Ва! а meeutrhl grey 
light filter can sslaapblyerbdud&eetheigbtiglstness of а prrjgee- 
tor, but the ssrreenststill remains flooded bpyhtheasantoleol- 
our tome. Furtihemoore, white colour added to any die 
“dilitess’itit and mexkestit less saturatdd, altioughddeesmot 
chamgethhe@olour. Why theenddoebtabtam absaobbsbdlutely 
differant effect when weadddlidaabolooldéur? 

Vision lhasaarinimpontant amazing ffeature that until fair- 
ly reecenthyyhdeas amazediaHil а Ци: it can iimitodduceocomrec- 
Пош for illumination. That is, it cam qreneéveecoddoursmer- 
rectly imggenetal, althougthttthe spectral characterisicss of 
light sources vary widely: a gloomy dday is rich ие 
light, incamdtescent lamps are yellowish, but still we 
perceive colours conrecily by automatically introducing 
comrectitonfdor the light source. What sort of mechamismiss 
this? 

At onetíineciüt was тоф that the eyessedissseometinpg 
white iinaanyipiuturehüthat it is medlky whitied sikiknomwfrofnom 
past experience) and fromitt it makes conrectionfdior the 
alteredsppettial compwsiiton of the ssomcee; say, an cexccass 
of red or darlkililueraays. And і наегё tsonohwhite, a light 
spot will do, since it always seems to beewwitete. Sceptics 
objected: if you linea aopaomitwitleegreelvetelvet to КШ all 
the ПН spots, the Г мис, nevertihdless, will still be grean. 
Why? But here the experts would opibjyaraishdiheir hands 
and amsswer: This is just so. And plyysiddggist svoudulckestart 
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Eye imitoomovemensts: high-firequeenoytrttramor, smoothddfift and 
saccadic jjunpps. We see anilybbeaause our eyes are mawraat rest 


anew t6csesiekidhe mysteriows referemaeppüint used Мууйе 
eye im" making coorrectionfofor illumination. To cthatifylihe 
results of those searches, we ffor the moment will leave 
colours and call one of the earlier works by Yarbus 
devoted toahtheyeyeontovements. 

Human eyes iimnppartititlndaglerpensiyely, severely, gaily, 
or slyly. We dtonnot notice that they arrefifiadd, just as we 
do поо! notice that our eyes areirnmorenstant movement. | 
ао mot mean these “тот” (as mdffereddcababeye) made 


Ch. 12. The Palette 169 


by our eyes in viewing a picture. There are other 
томате ая]. They dio not obey our will and are wm- 
сотто е. It is edbsoirimgxossible smptbprathem, however 
youttyyotéodaxus your sight on appoint. 

The eye musdlesaarauntabli tw оф dyeleyéball in а sitate 
of 1081 rest. Moreover, their taskiss just the qyppesite: to 
ensure those contüinuwoas micronmmemreents. First, the 
tremor at which ttleeegvejgubrersiwithfaednequency of about 
100 етуг. The tremor amplitudeisinastplipglble, it is about 
the diameter of a photoreeppior of the fovea, of which 
there are about 50,000 on the area of one square 
millimetre. Second, theneeexist ап, that is, slow, gentle 
shifts of the sight. Thiri, drift periodiscddeenntater wWitinsriall 
jumps, microsaccaldes. Sight “swims” and suddenly, by a 
jump, it shifts sidewardis, where aggainiidinft starts. Those 
microsaccakic movements are also insignificant in 
ап ие: а рофи projected ontw the fovea of Шетеешаа 
would not go beyomilitits confines even wibh the largest 
micrajunpp. From three toofifie ¢itinses secexóTkb Нуе pye- per- 
fonms a large saccadic jump that is impemogpnibiée from 
ошый е. Why? What will happen if all these movements 
are ору? 

To stop them..... To tthis end, Yarbusiirveentdd: auskeker, 
а ята projector with eappokket to iinsert pictumes, the ttest- 
objmuts. The projettor was so tiny that atmospheric 
pressure “glued” it directly tooltheyepeblall, so that the ttest- 
object appeared to be totdliynmididedess relatiwe to the 
гейша. And.... And in a secomd or so after an image 
becameffixed, it disappeared! Instead of the jpittuedrin the 
еуеъ а of view welhavadafaylyghght grey shroud. The 
scientist calleditts colour zero((it will becomectiaar from 
what follows). By the way, that “shroud” could аёјфефе 
seen wiitbout the sucker. Just enter a totally dark room 
and close your eyes tobben the safe side. In about 10 
minutes your patience will be rewamdlet: you will notice 
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that before yrour eyes youltavennot blackness, as might be 
expected, but something Пе. 

Well, what about the sucker? Where has the image 
gone? Jitsst a shigitt rap ait the trestabhgect with верна of a 
pencil, andiit is thexeaggain, in your sight. It appears cohty 
to disappear again iim apBplit second. Now iit is mre or 
less clear: the rqphhaslidisrbedadahenmimibibility of the pic- 
ture relative to the retima. It follows that only move- 
mentt-odf either the eye wr the picture, it does not mat- 
ter-wWhibh produces a visual image: movement is essen- 
tially meeesssayy (dior vision ttowedrk. 

Really, suffice iit to imtoodaeeénifirdnont of the ttestabljgect 
somethingnmoinggofor that object to Hyesppderdidlylidiscer- 
nible aagáainst the background of the zero ambbour. Accor- 
dingly, the zzenocclohour and ве юјеесі are пере аепе. 

The iifferemees from ttieesceeyperimetstsrarshehbüking: the 
presence of light alomeddees not guarantteevisision. Both 
total darkressaardotekal immolbilityy of an illlumimastddnim- 
age mildtvyeetádhthietreti na dxettbibthsahee fame for the viisudl 
apparatus. In bbxtlrasases man seess nothimgbbut the zero 
colour. Furiühermoee, let the Drgbhtness of theteestebbgect 
stoppadibpyhehe sucker be aabbitmary, so iit may jump or 
grow imidéiinbly, the esyewwohlldiatot take nodtiee of that. 
Yarbus wrote: “Ewentbke hot, blindingly gllowingfiflament 
of an invaanidsseant lamp lieeonmss invisible. ? 

Which ettemeent іп thee visual system sswittiees off? Tbe 
retina. The owhber eye, having nvosisolcker, contimusstocaesee 
everythimg well. It follows that after a chiasmaHll the 
structures of the visual apparatus throughwwhhichisgiginls 
from bodthettanas pass in tteessamevayagctact in гапоютиіа! 
mannar. 

In what dotblcrawtias differ them? Сіуупіюћаһас in tite 
eye wifhthbewdokehthėcpiotkekegpttiggttimghogathe same 
areas, so that the photorecqpooss receive constamt 
brightmess that does not change at all. Wherever light 


Ch. 12. The Palete n 


strikes for the first time it keeps striking there, and 
likewise the digukkamresststgayadhrk. But photoreceptors шеей 
something cifféeeett, they mætadikht incident upon ееп 
varying iiniitsbbiribhtegsstat all times. It is taken care of by 
the musiksthbat make amniümgge (heoseibglghtnesst at each 
point is gernerdliyddifffienet)t) “dane” over the Hwbttom of 
the eyeball. To this end, the eye Keegss moving aàll the 
time. 

Yarbusts experiments mentioned — above became 
classical, just as lhisesppemimetssrothehecoedigling of the 
eye muyermneemts. These results are refenreditadybyllall the 
workers in tthefifidds of psychology amtipphsisiblggy of vi- 
sion. But those experinesntsweeeooh/ yhthGrfirst step «піве 
раф ttoddeiibhier the enignm of colour. So, it appears Ваз 
the words “Фет brightmess’?, we Ihave jyast used, give 
rise tronmanyQuextstionsnarahrpuigerises. 

Everythimg sst&aktédwMithtustiedies that had tooaanswer the 
Question: What will happeniffcesodolouppppears against 
the lbadikgromrid of some visible image? Hor the experiment 
Yarbus maniáaoturéd suskekensbchathat its test-olbjjettoon- 
ly blotteetoout a part of the eye'sfietid of vision. A sulbjjst 
who pnatitijpatedn ithetbepexpeeiment saw easstnagge thing: 
the test-olpjeut (just а péece of white papey) tumed immo 
some Жт@ of chameleon. Once tiheggagewwaslidértetedt at a 
large green sthetid, the paper became green, against the 
background of а red shield red, and against the 
background of the yellow $ yellow, it took just 
several seconds for the tesstebpyett to cthaggeccolour and 
melt with tteebbackignouhd. The whiiteppaper was replace 
by acedboweddiaje, but this ФуШвелмяу, as was cexpenttel)) 
did mot affect its cdlourethanpgin gp properties. 

A @ontaddictionrcopppped.up. On theeomnbahdnd, a sita- 
tionanyteesteblgect must produce zzarocobbon po hthietnetihal 
area Неее Ве па ¢s iprpregected. On titeeobtthehdrahd, the 
visual system iggmoess this and replaces the zero соффаог 
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with ambbkeenwne, which Фет oorhthlsabagkgnodind, thus 
generating colour (stricthy speakimg, not always: if the 
backgioumdisipqrtrcbaloureddahd atreescceerersovers several 
coloms simultarmogijy, the visual apparatus does not 
want tossott out (ће Ноофееррд ее, with titeereeslilt that the 
subject sees at last a zero-colmur spot agaimst a par- 
ticolounctibbdckgroupd). 

To gæt tottiee truth, Yarbus ussekh dvtevootolourrsereen: a 
grey "bUH'sysye" against a white background. How will 
vision behave now? At first, however, the two-colour 
screen merged with the background, but them the ex- 
perimentdlsst lit it with aabbiilibgnBglight. And, it emerged 
as a unicolour one, white, withouit any охебу' Н уеуе” 
inside, and so, as it were, a white hole appearctinmhthe 
colowrstlbbdckgnouhd. 

This was ananradzingedel@bopmient. Why diitiithecseeeen 
suddenly appear, and where was the grey “фев” 
gone? A muothcleleser look haddotbelbektakain at the eexreri- 
ment, or rather at thelbigbhiesss of thellidtit takemimbpy 
the esyefrinomavianiouseareas of the image. 

How do brighttressésvuayyitat the H»onridarbebetwedhethe 
white sscreenaanhdsitsegrey “bullis” when æypoeddote а 
blinking liamp? It is clear that they veanyirinhthsasanveaway. 
Both ttiecsspreenrahüha Hbuttmtýs-eyečobecome mmightbrighter 
and now Нег. The relative bbijbhterssat at the boumilayy 
experiemaes aw aerohahgege. 

But the situatironisslidfifferent at the boumitayy'stsercen- 
background)”. The cconsiant brightness of the baakkgvomdd 
theme, as iit were, is compparecdhpyhtheyeyeitwithe thaiwalvable 
brightess of the soen. Putt another way, the mdlativee({for 
vision) brighüness is momeeocidrere. Its variations make itt 
possible for sight toffmndtinanand for us ttoseee. If there 
are modlelitiveaviatiatigns, themeweerythipg that lies within 
the boumidiaiess takes on the colour of the surrountimg 
background. Such was the result of the experiment. 
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Nature gave a most interssimgg ampwer to a well for- 
mulated probDbem. 

But assepptic might well ask: “Wirat relatie variations 
аге? A lamp on the ceilingilillunietes a room without 
blinking. Where do relate уалініфовѕ of briglhtmess come 
from in æaresalHefe picture?” The answer is sime: the im- 
age keeps  shifíngg ower the retima dwing the 
micronosvometnts with the result that the receptoss are il- 
lumimaedd now more brüglitjy and now more dimly. 

And now we cam also tum to апойвг probiem: to 
discussswhhy the eye, unlike a photegaabicic film, is афо 
adapt to varning spectral compożittons of illumimaioon. 
Yambus sugpestekhran interssingg hypabkesis to this effect. 
He posed the question thus: “Му do rods and comes of 
the retima go farilwer into the eyeball than direct light that 
cames the image cam read? And omoe they are there, 
what do they see there? Tit appears that пои in nature 
is done for пои. The phatoeeepptors at the retinal 
edge are nodliimg but zero-cdtowr generators with which 
our vision compares all the remxüiriumg colouss. 

Light incident om the pupil not ошу comes to the 
retmg, but is also slighthydidsssqpaded by the transparent 
structuees of the eye. Consegmaritly, dififuse flux, in tenms 
of brightness, is sometime betweenallll the light and dark 
spots om the image. The edge of the retima gets light as iif 
it had развей thirowkh a good, dense, frostetlcBlass, it isa 
steady, smowth,  uncdhampging flux, ^ whatever the 
Micronoovarests of the eye. And we know almeaüy that 
this kimdi of light is equiivdbent with darkness, and all the 
Teceptoss that receiwe it work out zero«bour signals. 
Whatever the spectral composiioon of the difffisse light, 
how mudh red, green or даче is iin it, it is absdluebly 
immnaterih] (as is shown by direct experiments). All the 
same, our visionwillll alwaysgeet from the retimdl edge the 
required zero colour. 
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Now, that looks like are&ferenepqioint. The wisudl field 
is sunrounddedoby Вараг ofraerol@olour. There is cabbondd- 
ary between its constamoy and the chamgimg world at 
which our ever-moviüng eydhdliscgare. Theme iisaalilinewktiere 
brightmess varies at all times. This suggests that now wee 
are already iim a positiontadairdwathethe scheme of colour 
perception. 

Suppose yyountarbdsoigag at a dkar blue sky. Just sky, 
nothingnmore. It alone isspprisj&etednothethatimetina. It does 
not get to ttieeeddge, however-wwe have zerocoblour there. 
Between the blue and the zero colour is a boumdlayy. 
Phattoreegpoor тюп "this" side of it ргофихе а < Цнезе 
can be called numbers with ggodd reasom) perceived as 
“ibe colour". It would sseemtitimat the lijgittssemsütveeceklls 
within tteeaare a onfinfed daly bye tibeubdanyddnou khgerldr gienerate 
the same numbers. This is not so, though. Our visual 
system issccnststmedesb eoogoorioallicalld and perfectly ва: 
the signal-nwmibers coming fromththe boundary “zero 
colourky" are sufficiemt to pperebive the beautiful blue 
tome (as is shown by experimemnmi). As regards those 
пить (бог ratikertbheir logarithms), the wisud] appaudtus, 
as Ш were, gives aacamuaaridotenamsensepnimainter: “Now, 
pal, cover the ойе of the wiiitlefifidddvwith signals' ‘blue 
sky’ ", and ssowweesehahat blue ttone workedoout in our 
braim. 

Now lboġk: а reedspspiot appears against the background 
of the dky. Its medicoddoutsiagegaith¢hesrdsult of the riw of 
the numbers fromtithe boumdüayy “bhed. From tithe 
result obtained, the surface of the spot will also be 
covered byytitheotolour produmetibbyhtherdinain. It is easily 
seen tthat we thuss have achhain of numlbars"Zeeraototour- 
blue", “buert”. Statedaandther way, the reedccolour is 
to cacextetiaidedegretepepbmdent on thee.aeroobolour. 

Let us mowppaint a grreenbbmaricbndhether sedtspot. The 
perception of green will here be acomneotddwiWitihethe red 
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spot andttiecbbleeksksnartüetheraerdorolour. Each ffrethcobl- 
our tome lyingaggainst the background of another tone 
looks like the next figure of the fascinating coloured 
“пур еа” (the Russian weoddemen&stinipidoll) with thee 
colouning of each iirteennh] doll being digpendent on titeceex- 
tend] one, and all of them toggebhepioththauegerolookcar (or 
rather oniüts intensity). We mowkikmowhwlbycbgokhgróund 
caneéübher “ining out” or “kill” assuppenmpssédotolour. 
This all comes down (о Һе complexinmerplay of signal 
numbers arriwimg at the visual system fifsormmhdhe retinal 


photoreceptors. 
A subject is sittimg at the apparatus in Yarbus'ts 
laboratoyy. He lhas атри е of white paper in ffromt of his 
pupil. Anecepeenmatter exposes the retimal edge ttoa aeded 
light with wavelength 680 nm-neitither green nor blue 
light receptors respomditachaáhat wavelength ((weewwWill omit 
the teathmaadines of the experiment, it is only weothatbing 
that it is ffáit)yssphpihistatatcadinlb gelegant). 

“I see aa white paper withaa reddishtitigg¢,” says the 
тат. 

"Amd now?" the scientist tumns sometlhimpirimihis ap- 


рагай. 

“it tmmnedggreen.... Or rather navy bbiue.... And now 
some black was added... Nowaggain red, only much 
lighter thamaat first." 

Just listenimg to the dialopneyyouniglght imagine that 
Yarbus intmedluwess some light filters. But he has simply 
chamgeditithe brightness of the red ligght incidemt on the 
edge of the гейша. And coontnarso tdl all һаа! concep- 
tions, therredlilight receptors of the eyeregpistarddctotours 
that were axttiallfyalsdosaht ! 

What has Ii:gyppendd У. éteroobalour, which iis пор accepited 
by the visual apparatus, is able to chamge colours 
presemkadltochtheisiisnon. Just increase ttiecbtiplgintsess of the 
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exposure, that is, increase theeflfinxnmdébent on ttieereétialal 
edge, and all the arütousswwWilliatàrken. Decrease iit and ее 
colours will become bisblter. Supply mi erereddat celer edge 
and all the colours will acquire a navy bblee tinge, add 
more heeaaddhtyew iWilluturmaoggnge, more greenaardhtlyey 
will tunnppurise. One of the primaüppdes of his titesovyYYar- 
bus опише as follows: apparent colours always 
change iincevmérásistitiotian the 4h&oacolon of the exposuee 
light. 

This muleissaajqalahtateve pepwesenitation of the atiionesx- 
erted oorththe appanenit picture bpyererookoiour. And how 
about quantiitatvee qm@presdntamdn? 

Орши recently all the ttextsoor doloststsdsahaveuthught 
that colour is dyeenkbent on the dtegeee of stimulation of 
red, green, and Libedifight receptors of the трева: that is, 
first, on ttleesspeutiial composition of light; second, on tthe 
sensitivity of light receptors to diüfifenent wavelengths of 
electromagretitcwwaees. Yarbus*s theoryre&fiees this rule: 
one adisohdmas tot&kke into aacoount the degree of stimula- 
tion of light receptarsaát the ве; in attierrweodds, to tele 
into accoumt the actiom on them of the light diffused 
withintbbeyeye. Andsismeelthe “actitonodf light" is Just а 
signal-muniber, them the  remaünmümp  .part is just 
mathemaitss, and fairly ыш Ме at that. А diiffereoeofof 
two logarithms-ththat is what the "áactoon of light" iss. One 
logaritihnmeeppresses the stimulation of, say, the еее: 
receptor at a gimenpplece of the retina; the athker, of the 
red reeegpoor at the edge. Two obhher pairs of logarithms 
define tthreaatinons of the greenaandbikidight components. 

In euthpgiair the diffferanees may dlleatiybbpqsüsyiver ог 
negative. They aaeep psitivevlvelnethethen enner regions of the 
retina ааєептоюгехехемефаћате tiieedge, and megatveewktien 
the pblootoreesptars at the eeligewerkrkuout stronger signals 
thanthbese elsewhere iinttthe retina. To ppesitive пише 
cormespemndi the light-red, light-greem and light-blue col- 
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ours, principal colours of positive Ibiigittmess. То meggdiive 
numbas conespond the black-blme-green, black-punpile 
and Biakkeoragecorenes of negative Iprigltimess. If all three 
positive muntleessaredupnlal, we see the arütourwhltite, but if 
negative mumhbrersrareqaqual we tihamssedithectolounablack. 
And all the гета colours are combimations of 
positive гаю eegaveveumbaisers. So sinpiteaaddotpgatal.... 

The thkeoyy of Yarbus covers very manyviasall effects, 
including thhe correctionfáor illuminattionddisogssedaedirlier 
in ttleeckeyapter. As a matter of fact, if the sypettadl com- 
position of light changes, the чуНугеезШЕ is Фет, both thee 
edge and the central region of the retina respomd dif- 
ferently tochthkghght. But the diifferanee of logarithms of 
numbers expressing the amoumt of stimulation remains 
constant or changes slightly, and hence the subjective 
perception of colours remains the same or nearly the 
same. 

The поуеё | theory of colour wsstonppropiptmgngieeeas as 
to Hwwtd oledésignokoloamabyrvaiyzers, which wouldweorkhmo 
worse tiirantitht&iuamary еу акы wid ша just as sllightitlly react 
to waidsrons іп tieesspecttal composition of illumination. 
We willl now bDecalalelobphyectively dantrohtrol not only Нее 
colours fpoddueddybshehainingng of риге ttomes of the spaec- 
trum bomt also all the monsaaridatdotoivurietiaehbg byclsuch 
loose ttarmsaasrmststakd, chocolatethnown, etc., shades that 
invite ssommapnyispispsstes that special-pumpesseadtlases con- 
taimümpssamjdss are pubbihhdd. 

Any acbbour we jparcdive, as. we mowkknww, is tthe pro- 
duct of the wookk of the bona. No woonider that different 
people see adlouss іп adidifferent manmer and differently 
feel the harmeonyoor dishanmenyobí their combinations. 
Even among painters some excell in represemtsiton of 
shape, and odtbers have akkeemer feel for coloristiics. The 
history of art brings us the names of outstanimecalel- 
orists: Velásquez, Tiziano, Veronese, Ва. Russian 
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critics, for example, thus commentecd on the colorist 
mastery of Surikowv: “Не gave anvew, purely Russsaanggam- 
ma of colours, which was used byyRRepiandnd Vasnetsow 
and traces of which are to be foumi іп (ве palette of 
Levitan, Korowm and Serov,” or he "umnravélied the 
ом ни $ beauty of the Russian colouming", and “his 
colours merge iimocuamanewgsdshible gamma conceived byy 
vision and defying graphic description. The painter 
himself would ssgyojokgigly: “venaalatomicaa theghaught 
drawing, but it is impoossdbtetacedeactoloolng ing.” 

And Heeed іе КН Ке dwallwell a lit on sontevenneralele 
delusion, which has been repeatteüdlyddispmaved, but ap- 
pears over and over again contlthpqseses of popullarssitenee 
books and magazines. | amreéferinggotthethe legend that 
the aantiamtslbiiegtdlgidindtnot perceive ssonaecalolaurs. 

The caseissbbgseédromdliacfact that Homer would «dll the 
sea mear the Island of Crete wirecobdowmetd, that is, green 
and not azume, as it is in reality. One populairer of 
science in his book ри in the early 1960s says: 
"Hiomer діа побіг notice this, and his contemnymonamss did 
not notice it either. Only several сепйшїнє later Greek 
sculptors begamtéqgqreeceevhd he brighilhybblaedolour and, 
exceedingly happy with their discovery, begam to painit 
statues blue." 

All this is some unfortumate misundesstaniihgg. It is 
roatteüiiüntttheninddele of the 1Mthceantury, when ttheePBititish 
Prime NMüinster Gladsimon, a geeat commussseur of the An- 
cient Greekldagguage and Homericppoetry, statedliünomne 
of his wersstthat the great poet seems trohlaveldistingulish- 
ed far гота the colour shades. Immediatdly, some 
philologixts caamaip рум hegsyeggestihnt that the situation 
with «юг names had beeen mssatisfaotpiy tine thacisncient 
Hebrewldaggamgendnd Anciemt Indüan($Sasrsitjt) as well. 
They eveenwwant so ffar as ttoddeteriminththerderder in whith 
таю ceamed d peperiavblooleurs: at first, it was Idlij, came 
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only ssonmecslsideles of grey, then fébiliexeddhtheobolour red, 
them orange, yellow ((át the time of Homer), and then 
light-green, andi ffimdiybibknendndotdolet. 

The excitement quickly cooled down once 
ethmagrapieess had established that the most primitive 
tribes in mowagylifíéferettofiromubpeopeanthüir their powers 
of perceiving and distinguishing colours. Later оп, 
linguists, who hhdd been nmore rigorous in Шеёіг studies, 
found that direct or indirect referemoes to white, 
yellowish-white, yellow, yellow-greenish, green, blue, red, 
and bbogwrcololusipseare beofhhndound, for example, in an- 
cient Hebrew teexts. So Шаг late иле 19th arerttupyththe 
Encyclopaedic Dictionary by Brockhaus amd Hffoon stated 
distinctly aadcd:atagegoritigily: “The totality of all historical 
and доред] evidence dlwesmmot suppantt the ideatbhat in 
historica! times aedtomr perceptiionhhdddereavevahgng. The 
hypothesis of the pilygsoddggieal evolution об those peregp- 
tions is dkxonnot suppuntertibbyransviradenoe iin fiteofavour 
from theeedaim of пашта! sciences.” 

And intbhe early 1930s a very imeeresinggbsbseaviation 
was mmattebpyAA. Luria. He was patitigipatig gninnark pagiedi- 
tiom iintithehtlnepatlaekwlarebiragiotis of Uzbekistan. The ex- 
peditionss findings were sunmaarizddbyhiihiin liis bàolbook 
On tbkeeHHíistócich! Development of Cognizant Processes. 
He mpotéddripapáctituldrathat in tthusseyyens snmanU Abebek 
males amtüleegpecallyytdimlalepipfeferdetd tecute thaneames of 
coloms as derived fromccommmon $. And so the 
пою 06 Г the manteess of the tteamhhddusichntrisses as 
the colours of “реж”, “peadh’?, “тоже”, "calf dung”, 
“pig dump", Чаке”, “cotttoninn bloom”, “pistadtiionmt,” , 
“tobaccd?, “liver”, “wine”, and what not. Could onae, 
based oorthdiat evidence, draw thke@orlubisiothathat Uzbek 
females, those skkiltedcagrpet makers, Uzbek mates, those 
master crdftaman of coloured ceenamiss, did mat distinguish 
colour$? No, of course. It would beenmere reasomalliletóo 
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suppose ас they «тет did mit need ar did mut know our 
terms for them. 

After all, the seevenraiainbowolmlours аге aacandiditiohal 
thing. There пит as welll lisefóonr or fourteen. Seven coal- 
ours were meeelded by Нее great Newton only Неегавве he 
wanted, by all means, to tieetht¢rann tbetievesevenes&ones of 
the chromaticraamge of colours. But Leonandtodda Vinci 
considered tbhat there завеоо ИУ Увгркирайра| colours. And 
so, Luriaweaselédo torodndinde: the mame of colours is а 
historica] category. Howaa tenmddevelmps, if at all, 
depends on a variety of things, and primarily on the 
econamic activities of people, on the need to assign аа 
thing toos@mumeatafegony or other. The egyesddistiggisisanan 
infinite warecyy of shades, but а dictiionayyceniriesmmaiere 
thamttwooor three chazemaransésWWRyBeBacaus¢eantésm is 
always ап аёфыяеюоюл, and “the processes of abstradiion 
and generalizatiionddaonot exist unchangsiiaat all stages; 
they aaee themselves a product of social, economic, and 
cultural development. 

In теше decades engineers Ihaeeshhbowrkderemtatestest in 
colour. According toaqaomeuduilideiiies, about 50 per cent 
industridl accidemts occur because machümenyaadd shops 
are [páinedd олот реоррорфет(іеѕ of humanvissoon. The 
influences of colourcaecaasiumunmierous asedhe theneames for 
colours and {ван shades. Blood ppeessmee, appetite, alert- 
ness, emotions, and heeaiigg keenness-aare just а ffew of 
the lhunzan' SparamatersTfeftedied doyocolour. So lilladkcobl- 
our is associated with heaviness, white and blue with 
something ligtht, festive; a mmomlilit by meditlishliibht seems 
to leweanrmer, but just replace iit by Шей and ppegpte 
will shiver as if there were ackiill in ttleeaiair. Sensations 
stimulated by colours argue with the scales and ther- 
mometer. Once, psychologists iillumnnatddrampgaetitigiggly 
laid tábbde with aa light that had passed thhoogighpepiedial- 
punposefifüters so that the codtouss of the dishiees changed 
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drastiicdliy. So mat now ayppearddigney, salad хи ЕН, peas 
tumedinmto “bkack” caviar, milk beeaame violet-red, and 
egg wülkbbeuame бгом. The ggwesís, their mouitlis 
watering imanticiggiation of the med], could mut so muxdhaas 
makethbhersselees taste thhemmacanlyiholookedrabdood. And 
those who neverthdkess attempted to have a bite of 
sometihiinggbbeaame sick. Theefffect of colours is sttromger 
thanrebbhéesnahuqbsohiosnions. For example, if you phac 
a dust bin in the centre of a white circle or squame, 
everybody will! try too drap his cigganttee butt as accunatbly 
as possible sottàat it does not fall оп ће white; yellow 
walls of classrooms and corridors less prowgke school- 
childrentooeciil them. An aypenatoreeeidhlististmuments on 
his «urssoéemmuorecaucatrdgelyherhere chescónsopaiüstphinted a 
colour of some warmtdone. And so on amd so forth. 
These рзағааюхиа! results tell us: the tbnanrisinatot only Нее 
“creati” of colowrsbbut alsottieeir subondimeaee. 


Chapter Thirteen 
A Sieve for Images 


Amy system сарде of achieving correla- 
tion (or ttumglle) of a pair of traceries is also 
capable of imitating the work of the 
Fourier holograph. Such system-aa two-di- 
mensional (spatial) grating could Hsessét up 
in amy sstieod! physics llaboratary.. 
P. J. van Heerden 
Models of the Brain 


Studlentsagrevstabihgngn ancübesliopeope. On ttieessoreenhtlyey 
see aa straight line withaa shanpssgge on it, just like a 
mounuttámpgedaki infielfield. Everybatlyssesstjt, save Ног the 
student being tested, the “ашо?” of the peak. The 
physiologist in cbhmrge of the experiment has commecertl 
currenttecomiductigglelacttesies tothhe muscles of the sub- 
jectts eye, just by общине thim wires to the skin where 
necessary. Each qortaattion of the mussbiefifilsses responsi- 
ble for the saccadic motionppréódwees aneéleatric signal. 
Suchiis one of the propariéss of апу ппавєШе. The wires 
catch theesisjgall and feed iit to anaambfifier, and so appekk 
appears ontbhecereen. And the man whhoaaeskd it does 
not посе it. Andliüt is dbsdimtbhimmpossiblm perperduade 
him that it exists. He iisaaggry: "Stop pulling myydgE'" 

Is thiistocuppetst that at the weyynmoment of а ѕассайєс 
movement we are blind? А ffeskhpipubzie. Why sbloaidd a 
mam, or any living creature for that matter, go blind 
several times а sexon? 

In thee Laboratoyyhthyefodfodind aamvanswer. 

Everything ssaarie dv МЕ d heypysteridaterslteral geniculate 
body, which iss locatedirinhehe way of visual signals be- 
tweenreétina and cerebral cortex. It was not clean—aanid 
the literature containet no hints-ess to its function. 
Visual signals passimaadd out of it apparenbjywitithout any 
chamge. Why no chamge? There shouki be something 
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behind thhis: as it has provednmanyiminses naturejywst cam- 
not be that “stupd™. 

It was ttloogght that the Паеса | geniculatebbddysia sport 
of amyliifyinesstáoron, like Нове that “imviworded’sisipals 
in ttrransoeaaitic cable lines. This is qpiitepprodidble, on ее 
face of it. Only why other nerve aircüitsiravemgushclsta- 
tions? 

Then another hypottiessss came into being: the lateral 
genicwkite body does not amplify but only reggidates the 
intensity of signals: а асихееінепі explandionn of why tthe 
eye вая евогогломо кре ей bright ия otrampesionirehundred 
million-füid. But this assumpioon, too, has not been ssyp- 
poutetlbbyevésedence. The colossal rampe of the eye's sen- 
sitivity isseepidaindd, specifically, by üirefáact that the signdl 
worked ош by ttherettidal receptossiippropootional to ее 
lumimarcee logarithm, which, by the way, confiimss 
Yarbusss (етуу. The logamitthnicc curve at first is very 
steep, levelling опо gradiudljysasehahat а Hwnridzédhillillion- 
fold ctaangénibriyliphtssess lomo grostucesna fold efakbehange 
in 5% тай]. 

Upuutitil recently, the enigma of the lateral geniculate 
body had noaxmswer. In theirbbobk, Human Ifríformtütion 
Processing the Amwericanssektists Lindsayaadd Nonman 
statethhat the role of theliaterhl geniculateootdertdirstruc- 
tures is myeseeriogs, Really, when aanicicrdelentdede iis-im- 
planmtaüiutiohthiscdnebral area, the exmermneerntepeseehehere, 
just at the output of ganglliomncedHs, the same гоший fields 
with am ON and OFF centre and  coumteracting 
edge—ihidck and white” and “colmurel!” fields. They 
distimguish neither lines, nor angles, nor direc- 
tions-roththing. What is Чен role after all? 

Awworker of the Labmratoyy, Nikita PodhWigm, said, 
“The experimentshhirayeebeenthather soplhüsticaeed, but this 
is hamillywwcttmangotioging, the maim thümgiis of course 
the result. And it is as follows: we Ihave prowedtlthat a 
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“screen” consisting of round ОМ-ОНЕ fields, once 
tramsmitecdvivia the optic nerve to the lateral geniculate 
body ttumashdrerintin eopal qatilsgtóng. one. And theeppls ations 
have the frequenoy of the saccadic flickerimgs of the 
eyeball.” 

This ipproeeeds ritththtollollóvgnwayway. Immediizatdlyoátften a 
jump the diaameter of each ffeéidisisqujtitertgrge. Themtbhgy 
statt shrimkingzaaddniseyevatal humdhætibhs of a seoontitlihey 
become ssnadlll dots. At times the ærea of a fliidlliddeorezses 
250 times. The 'fpmbhaeds$?xésd stnarlothee мета ата ие 
of a second and suddenly they shamgpl increase in 
diameter. They keep growing until them  boumilaiées 
become Шева and wide. From that moment our vi- 
sion sipppkenotbihgip tke tighkigher parts of the ваш | 
the mext jump. 

Іп thke first moment after the saccadehhas ceased, the 
"screen" of thellátenàl geniculattebbdg усе ую фе véswásual 
system sonreimidonatation that only allovesccnddowilitlene to 
be iitientífidd. And coityhdren, as the fields shrink, in Нее 
image details “cut through" and become ever smaller. 
When aanmaximum of infommatoorh iabdeeeex eximect écbifrom 
the pittuee, the ffédlisddisappeaguiglibklndnl all perception 
stops. In ttleetitimobelbefotrhethexnext jump the wisiaal cortex 
processes the data obtdinet fromtithe lateral geniculate 
body. And пе comes affeeshroonddfofnahalysis. The cycles 
of perceptirpnagrejujttemalnglogousIwitüsdlinsnyrrany com- 
puter. To reecéiveneevininfoxitiatidre thd ioldrinfüomition is 
erased ffoomththehshortrtemnememdnyinyutieptke next jump 
of the eyes, and so, fresh infoumaibonsis not confusa 
with Ве previous data. Well, one can never stop being 
amazedaat the fabulous "upeniity" (if the word сааффе 
applied toonnatueje) of the тїптї Ме of the wisudl apparatus. 

Aneexeecdinblimmgpontant detail is that the degree of 
shrinking of the "screen" elements of the lateral 
geniculatebbdgdyavimmes with thee light intensity. With didam 
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light our vision is in principle unable to discern small 
details of the picture projecrstomn the retina since the 
fields are too large. That is whywaeateinalakers and raddio 
mechamics generallyusmse strompldamps, that is why Ла a 
dark lhaddeyqododwtnot see а пеее оой одоог, which is 
immediatdlywssibteooney youpepdhetheatoor. Bright light is 
knowm to boost produtiwity, because the "pullszíirg 
fields" shrink moorelidróistátally toakeake our vision clearer. 

Owing toofifiel@ufadsations the literláteral geniculate оду 
the visual cortex receives animaggdhthat has, as it were, 
been massetilthmagigh rauitisitdaide of sieves; one ttdkimpcenre 
of the larger “stoms” -tdagge details of the picture, the 
next one ssnadlterststoases, and ssofdicdhth, down tochthéirfénest 
“sand”. 

What is ometoomake of it? Nøhiiggssdafar. But we may 
comsider one fascinatíipssitatàelon. Оп aatatable we liraveaa 
hundixeilphhoiggnaphs of males andfétemhisswkhiblarare Ше be 
sorted out. Just two rnmunties апа (ће problem isscohed. 
The madtesaar@lptacednahetleétleft stack, the ffenadtesoonhthe 
right. A реесе of cake, isn't it? 

One may nowaskk the question: Accomding to what 
criterimnhámas the sortimg out been perform? Can you 
come up wüibhaalelear defümitiror?NNo, not now, you magy 
Пиш about it at your leisure. 

Franky, I would not recommenü you do this, you 
might as wel! give Ш up mowaas babad job. Thoumantis of 
first-retbecoompueterxprperts failed. And umidesstadalzlplyoso. 
It is iinpposihidacgigivevarverbal defimiiiion of generalized 
image sucthaas "man", “woman”, “tahke”, and cthkers out 
of the thousanihamtisns, because these images are wisudl 
abstratiooss. But abstratii»Bsimmist be lhamkdedwwithacere. 
Engels caught methaphysiotssts at their overly carefiree 
manipulaioons: “At first they axgateabbstctotions, stripping 
them ffoonsesensatisns, and thearththewishsto concprelpnetiend 
those abbstractionssusibeiheir senses, and wisshtáoesetirtiene 
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and sneli space. This iisppretishlylikik chehdifdixificulty, refer- 
red tocbpyldgegel, that we can of courseeeat cherries aand 
plums, but we сашими eat a fimiit, because пф ЮС ydraswever 
eatem aafifritit as such’ SSwlwhemgingemeerslemdeavedured to 
drive watt! defimititorss of visual abstract бизчи: ohthelelec- 
tronic Hypainoof the aronppiteer, their failure was ppeddettimedd . 

The situaiionisis somewhat better with verbal descrip- 
tions of concrete human faces, but only peptide, not com- 
puters, can ppoodoeerahdsaseGudhsdestioptions. As eaihyaas 
the end of the last centwny, the French criminalist 
Alphonse Bertillion, chief of criminal! identification for 
the Paris police developed the idea of the “vertel 
portrait", which Haas been ussekeesier since. 

Іп oone of his stories the writer of crime fictiom Lev 
Sheinim, an exiinwestggeator, reminisced: “Conppiliga verer- 
bal portriit of Yanaka, I interviewed adatgegeumbmber of 
eyewitnesses. I Ғоший out all of his distíimttveenrmdrksnalnd 
prodiucetaaerbebal portráit that depicted YYanRkasdseibeging 
of mediwmbhibht, abit stowt in stature, having аапохома] 
face withaa low awid slanted fdisteteekd, arched egybhrows 
growm together and reddish. His nose was long and 
drompirgwitila a hump, his mvoubhweasmlédinmizsidoditvith 
thick lipps, the lower lip drompet, and the cconners of his 
mouth drogpcd. Yanaka had a square, split chin, his 
slightly prominent large ears were triangular in shape, 
slightly swelled eyes were greenish, and his hair red." 
How wwiddjyweeisisiakaheahecface of the maarfrémormhateese 
simple, terse professional (епш! Аша ву, the “ac- 
curacy” of the aweeldesnpipoiois ifarfar cry ficom that ob- 
сане епыз1а gnensasmpigstinstamients, but if you ppesssss 
the t&àdenis .of а паамиег you canddnaw avakaka’s portráit. 
Of course, you сапшей mark the sizes of the facial 
features in milllinettees. But everythimgissalelàtive. A russe 
that is longf6or one ffaeewilllbébtafdirlyoratal, even skort}, 
for another face, which isnmore elongated. 
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What is tobeeddone thay eyewessesoadoust not know pro- 
fessional tenmimolggy( Юн $ isfeftéhettwseJase), if leony 
caught a glimpse of the crimina! and was frightemedlaat 
that, if orlythhennsost general impressions Haaxvee ахта ить? 
In thaat case, a “r@initppormait” is generdlvyussed. Police 
files conteambhhuddreds of slides digpitiingaavwideararigty of 
noses, ears, brows, eyes, beards, mounituless, face axvdis, 
and hairstyles. Fromthtsese a portrait can be "shape" 
with thleee\eyewntarsss prompting lthdedelails. 

“No, the ffaeesseamsadebwideder. No, much witter. Now 
it is OK. Andtbhédiair, not so llomg...." 

Thereiisiacvayay of being dbeakbiuuere that the mbbot will 
be tieeiddemtatal twin of the crimminh!] the пофКесатагеНа ег, 
but it still cam giyeessomeigdádaace. 

Perhaps, watchimetithe produciton of such a portrüit, 
would it be possible to uncower the criteria used to 
recognize faces? Aun\Amvéraraphptiysogiogist Leon ID. Har- 
mom conducted a series of experiments. A skilled 
crimümiiteattist drew Ве роштай of a “сип!” from 
the  descrüpáions of “eyewitnesses” who knew the 
“сшита?” well. The artist them comparatiithe resultant 
porüráit with thleeplpiotpgphph of the “criminal” and tooèk 
note of the diiféeranees: “The lips Inavetocdbe hibit thicker, 
the ears closer, and the face moore roumi....” Using thre 
portrait and theevedrdal conrectiions, а тем аайыѕі, who ваї 
not taken part іп ШВе experiment, made another robot 
portedit. And them they held a viewing for the 
“Что”. 

Much to their surpuise the "eyewiütnesses" suddkerily 
foumioout that the piattmeqpodbcheceftdirotimetheir words wes 
not a good likeness. The overwhelming majority ruled 
that is wasimadequiate; thus thedtdonguprpvededhancmimore 
that it is weyyaappooximatnadnd шсар В of functümriine 
as aanraessunininstrstrienrtent . 

On the other hamd, in dééfiimgghehe deviations speech 
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was muchnmorearwrcect: the sacondppudrarait was appovedd 
of and русопоотетёф бое lséostosetbe ciigoxibinal. But still the 
best portrait, which ggmaratersechahe precision iürreregpgni- 
tiom of better than 90 pper cent, was a portrdit drawn 
simply ffoom phptogrephaphictipicture. It’s not for nothing 
the sgyigggeæs: “А pictumeisswehth Гапиие ке ког 5”. 

Them the experimenter appreatieddhthe problem пот 
another angle. Why aeewwenahixble worwonk out anything 
adequaetyyb pyditditkctly” descrilbimptithe pictunes? Maybe 
they areoovddiaicem мне ея фев (а $, maybe 
they are too imponttan??RRenrsheber your passing dyyy your 
old dhumwwithout recognizing hiim, simply liezausehh ааа 
growmaddacdrd. Maybe а sspylreedinmagxge, assort of block 
mosaic, would cooneantutatehelatteattemtion of the wiwer on 
the most significant, most infommuaiveeddeidi?sTolgetget to 
the bottom of it, it was decidedtao ргофисеаа portait 
drawn евхіғетавіулсківдују, as iff with tteebbrsish of a Iimnsse- 
painter. 

The painter this time was а осопррінег. It covered Ве 
рошткай with anestwrik of 20 limes aankhamangmokohmmns, 
and ttleenwerkkeduout the awerggebbiribhteess of each square 
fonmeid. The result was presemtetioom disdisplay: a ltooldge- 
podge of dark and light spots. This motwibkstadiding, near- 
ly half those involved intbhe experiment recognizeditlthe 
mam sitevwnirinhtheébidslock portrait". In amabherppénimtnt 
almost everybody found, fromaa ‘Әк portrait", a 
photograph pipictererampiig tenes spread conitheabable, 
althaigthtithe face was unknown. Shoulldthbgylcdthathat at 
random, the proltiiliyy of success would not be Higgieer 
thanffonr in ат Бол. 

In thhe 18205 Fourier pulblshedhisis work entitled The 
Analytical Theory of Heat. At the time, steam eemgines 
were gáimigggouhid imlusidystry and engineers needed а 
theory of heat transfer, and ssoitit was put forward. Later 
oniüt tunnel out that the matihemaiioà] suit tailoretibby 
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Fountiier also ffitsclecicicians, radiimeempineers, and aitpplane 
designers-uin shot, members of hundreds of professions, 
includinggp phsisioki gists. 

The universd! nature of the fommulas is by mxmnaeans 
сокета]. One specificexamjde of motion in generádl is 
thermal motion. Mathematics gives an equally exact 
description of the ще, the car body vibratiionoon the 
sprüngs, the supenrtarkker rolling om the seas, the silent 
trawdis of the Moon among the stars, and the heartbeat. 

The swinging of a pendulum will givea smooth curve, a 
sinusoid, om the graph. The fanciful tremiblimg of an 
aspen leaf isa sum of simple Бапитойес motions, a maass 
of various sinusoilis айр in  freqummétes and 
amplitudes. Amy oscillation, however involved, cam be 
represented py seisesies of simple cones. Comwersdly, out of 
some simple һашпотїс motions a complex one can be 
made up. This follows from the fonmulas of the Fourier 
series. 

These techrigmes are widely used in science and 
technadiggy, and not only in these fields. The Soviet 
physiclogsst Bermshtéinpproexed that amyrrecurrent 101060755 
cam Deeileiesébilbledsiuging the Fowiier language. Johanson at 
Upsala Uniwersity developed these ideas further by 
ев тео that the Fountzr series may also be used to 
describe damaes: the longer the series the richer is the 
dance іп dtetdds that make it unique. 

Retumimg to the “blodk portrait", what cam you 
say about the brightness of the squares of the това? 
That it seems tobecubjbgect to. some Кіа of oscillations. 
What is the lowest "spaíidl" frequensy, that is, the fre- 
quency of brüghtmessvvámiatión? The answer is dkar: zero 
hertz-ano variation. The comyilttélybbláckr or whiteroows 
and columns lookeexattyileke this. And the highest fre- 
quenoy? The answer is not that simple. 
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First, the teenhh¢rtz frequenoyiisppasssent. Why aml I so 
confident about this? Hiecausetithererarevewentygusqeares in 
a гом aand so thkere may bee nonmore than ten “black 
white" pairs. This is Неер еее frequency обі brightness 
oscillations that carries useful infommeaioon.. 

Useful. Because the “biodk portit” contams much 
"moie", that is, high ffpeqmenaies due ttoslsharpriplighistess 
differences between ssquares. Fourier analysis shows that 
such differences аге combimaiions of аш inífiiteumbeber 
of various ossciliatoonsvwixesenaphplidedés!ifall off gradually 
with ffigspieemyy. Spatial frequencies of the “fmoist” jam the 
useful ten-hentzinfrfonmainon. This obtains, for example, 
when addeer hides imthingkbbalsh: the lhigthffreqeanyyisgalal 
of foliage awid bramdhes “albsotsss” the lower frequencies 
of the infammáiton about the deers body. Military 
сато е is also based on “naie”, аіѕогфелу "lripigh- 
frequency” paintimgobbliterateshehewonteurs of structures 
and ceqgippment. 

The iBlockpportiait will be imyprxvectklidrascidàjl yf thlia-in- 
terferingméicsisjgaisisrare "cut off", that is, stopyxeil.Iy га 
filter. This operationisis readily aaconmphshedyby cancom- 
puter, andthheesedult appears to beenmere pleasing (бое 
eye tthantithminaflial image. 

But squimting, what does that achieve? Bysthetidmg ithe 
pupil with tteliidvweeredachdhecidenient light flux entkhe 
retina. Now thhe fields contract not as tightly as with a 
completely opem pupil and the “sieve” of the lateral 
geniculate body пом omyly analyzes the picture using 
relatively crude “cells”. Shanp brightmess changes are 
simply mat perceived by our vision undiertlihese codiditians. 

Where do the variows spatial frequencies take shape 
after the analysis? Moumtingeeiddence coming ffoomlifiif- 
ferent coumtiiesweent to provetltixat this ttdless place iimthhe 
brain. And if this is so, the visual apparatus does the 
work that is perfoumeübpyhéhe device reecommandddd by 
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P. J. уап Heerden for do-it-yoursdffers іп sstivob] labs. 
The bbaairththus imitates the Нбошаег holograph. 

Holograply..... Its  materidl баѕіѕ- ре wave pro- 
cess—wwas conceived as early as the 17th century. The 
knowledge reeqinrddotwaleatize it was зева НУ Young, 
Fresnel and Fraunitdfer; but still it failed ttonmaketstpap- 
pearance althogtheadch of the abowesmerticored figures 
made annatdbleonontnibutionstiemoience. Later, Kirchhoff, 
Rayleigh, Abbe and nmanytbeher physicists of the ssecond 
half of the 16thceenturymhebdarlpthOtenoent паупеаїювес1о$е 
to цена ця рец рез. And wHieentlthe 1971 Nobel 
Prize wiimeer Dennis Gabor finally imvemeddtit in 1948, he 
did mot put much stock iniit andosver the years nearly 
forgot about it. So long and strampe was the fate of 
holograplyy. Only adfter the lhaser came iinceodldciwitintists 
work out convenient set-ups for producinghblopgpaphic 
images. The first to make it in 1962 weere the Soviet 
physicists Yuri Denisyuk and the US ттайфрриу ыы iziim- 
mett Leith and Juris Upatmidks. 

In its general fonm, hologragpiyy is photopraphigg 
without a Habbitulal tamena. The laser beam issssplit using 
mirrors, lenses and otter optiicd! means into two beams, 
one being dilicettddtat а pphootognaphiplasate, the cobher at 
the abigect. Light waves imefectetififronhehebjrbiect arrive at 
the piace and theneiineezact, ог interfe, with tthe Gdmect” 
beams. If divecceest of one wawvecobinüidesvwithhtheexstest of 
the ober, they willeehhaneeardchtlother. If the crest meets 
a trogbh, they cancèl! each cobker. Clearly, the pitvoteami:l- 
sion conlthp! plate tre ег first case will blacken aandniththe 
secondliit will remainwhhite. It is mowrmeesssayydolalexolop 
the Hubdggramtotsrcsee..... 

But without a laser the lddggaanisia misesdrabbécpioture, 
just some unexcitimgpbiate, resembling a bad neggattiwe— 
everythüngissggegy, theneiismirimgge. But suffice it to wiew 
it tlhinoughadaleser beam, and ssoneewieerárisiside, in theunn- 
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fathomablieddepth, athneee dimensional image will spring 
to liffe. 

In the physics of light there is a rule called "the 
Huygens principle” that states that any point of an il- 
luminatted обес! is im iitself а miiriiátuedilBigeht source. Ina 
laser beam exathbbidokenedpepot of the ltdbggaamapyppears 
just like anminssomee. The Пі rays coninggfifombhehese 
sources interfere imspgace, just as iintliheerecdrdgng of the 
hologramtlthe reference beam ((foonihthe laser) interfferad 
with ttteerefflectdd doear(fr(firothetblgjasib)ect). It is dmetoolthe 
interffexence that the image emerges such that you caan 
literally pass through it-ypou will simply have to walk 
througthligght. 

Holograply has been discovered while working witith 
light beams. But since light is a wave, we сап imagine 
hologramsobbtiainédiwithehelhelp of other waves sudhaas 
ultrasound, radiowaves, X-rays, or even gamma rays. 
Some ativamess have allreatyybbeemmikcdin thdseoseomere ex- 
otic 4$ of holography. For example, holographicraddar 
(sometimes called stittevissionadadar because iit is imstdlbetl 
оп aamianiphanmdmd its aerial is dlipettetinaonnihbilso tbe the 
plane*s course) yields pictures compardtite with aerial 
photographs, those “radipphotagrmdphvtibgingiqraque in 
that they are obtaimdiMe at night and also when the 
groumd issccomertdviwith ocldaids. Subsomüc wevesshhbld@rpro- 
mise бог geologists and geoplhysücists, whohbppe to use 
them toop¢delntinthbe Шсейшегїог$ of the Earth. Some ppoe- 
gress has direaklybbeematkdn thishivlfielddahd phespeospects 
opened uprsierphphememadnal. 

But holograptiicpphomgpayhy, of course, does not ex- 
haust the jpoeenititiliies of holography. The Нева of a 
point is a spilenilitlléensithxat beautifully ffociees daseradidia- 
tion on, say, apart of а miorwiireùit tolbewetltbed. Anda 
hologram of several points aaraaggédnia saisabiabiarmanner 
can split а llasar beam iintoseeveral ones, each wellingitits 
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respectivee part of a circuit. Accondlnggtoto the American 
joum] Electronics this prandiple is being used by 
Siemens in laser welding of пиствопеши pins. The new 
techndiggysibybfafar more prodiwecitvee than the sirgitebbeam 
one. 
We lhave, howewar, digressadl too far fromtbhedygipic that 
remintted us of holography. Backtto our visual apparátus. 
Vision and memmny аге imeersieliated and seem ttobbeelelated 
to holography. . 

“I would like to indicate the phiükosgphiehl aspect of 
such апка phemonemma as ... the relatiiomblppbebetween 
the holggnaphic recor and the human тешку,” noted 
Galbar . 

Really, ome hologram cam contain humtireds of 
thousands of images, and one square centiinettee of it now 
cam camy uptoo one humdlret millionbbits of infonmatoon. 
What device can match suchaaaapagity? Only the brain. 

The hologram of any object is an ideal filter, which 
singles the object out among thousands of others. Say, a 
phottggnaph showsaassea of keys withinntritate desigms—ano 
way of findiüngaaleiesided ome, just like иіре nendkdie in 
a haystatk. And if we illluninnatéd that chaos with гајаазег 
beam and! viewed iit through the hologram of the lost key, 
we would. find a bright spot where it lied. Holographic 
recogriitonrnysystems аге armüllonitimes faster than traili- 
Попа! omes. Such are, for example, the holographic 
recogrzzess used too compare finger primts or handwritten 
letters. This remimiis of the worlkings of the visual system, 
which eenblelessus in газ ИЕ secomiltd@eregogseiazefanfimiliar 
face among a sea of others. But the visual apparatus 
belongs tothbe brain. 

We hawe earlier discussetitithe matthemaitics that will, it 
seems, give ussaalolim tihetheysmystery of the generdizzetinm- 
age. Ceouill it be that holograplyy and Fowiier series are 
that clue? There are тату good reasons to thimk so. 
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To siindieoout differert spatial frequencies in appicture, 
opticians take "gratiis" consisting of tramgparent and 
nonírarsgpaesnt bands. These бфопоїо by anynreaans have 
to lperreàl gratings, also aucgpadbdeaard chehessdaods datidand 
concentiticriiggs, and maamyotittrerooóigfipitrations, the orly 
requiremant being thhe regular altermatíimg of tramyparent 
and neottzassparent areas. The Найт В ера а] frequency 
requüredtlhdifimer must be Нее етавты$ of the fflteer. 

With such a filter it is relatively easy to find out 
whether amiümgge coniasmpppyrópriatesphtial frequencies: 
have а photecdl] “loak” at the picture through the 
grating. Then all the frequemnüies, save for the one at 
which tthe ffidecrissumméd, will be suppressediblyytit, and only 
“our” light flux will yoassuuataeturaaded. The aureent flow- 
ing tthroogkhhehephphootatell will be tthe" Melecicicepepresenta- 
tion" of the intensity of the spatial frequemoy, or of its 
amplitude . 

Now ttkke ten ffiieess, not one, andlbobletat the ppittuee 
thraughaaldazephshoteltell eyes. Their readings will H»edilif - 
ferent for different pictures because cath of the pictures 
features its own distributiton of spatial frequencies. 
Generally speaking, this dozemeye automaton сап 
rougily assess the similarities and differences of simple 
images. The оссем ву М le peplacespespficifirageage 
by an “abstract” combination of voltages. Is tiherereadily 
any meetltooaammehthisoodrürbitiati oonselmelow, to expressiit 
in мак? о, there issnpot. Our machime canddepipietidid- 
ly wibout it. Perhaps the braimablso recognizes in thke 
same way, “without words’??? After all, dogs also 
recognize a multütude of objects, although they, as 
animals, possess mowwntxds. 

Undeuthtedyy, a dozen filters is too primitive ап 
analysis. But why nnot use fifty gratimgs,mot ten? And 
analyze mot the ertireinmggetat omce but break iit down iin- 
to areas and theencombibinth¢hesrdsults of recogniti? Ae- 
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curaoy wiil! impo, although, tolsessure, this would mot 
provite a oneshumbleddepervent guararitee against errors 
anyway, since caFBanieter series gassinntoninfiuyity. The iim- 
age will always have aanmmutatdedetail that sets ttheepjpictere 
араш frou obthenaddylyladénaical ones. But nothingcearbbe 
dome about this. The prablem “similardishssialar” will at 
all times be sglwstitaccomeeasasaliablegdegree of accurany. 

Grainggsaaralibie twlhelpt not only ttieepphiotetel! but the 
human eye as well. After a popuilarsstermee magazine 
рїїнї а а paper about the work of the Labaratoyy, I 
received aald¢trer framazg@eokigist from aacewin thetRer Far 
East: 


“Dear Риніт: 

The lith issueim 1974 of your magazimecootaiamed а 
paper by W.. Demidloweetititléd “The Eye апнһётізраре”. 
In itt Demidowmmiakes partitalaremention of РошивтЕЙ ет. 
It is said that opticiass hawe long been using filter- 
gratings. This prompted me to utilize gratings in 
geological aerial photo intemprétstion. A ppioture always 
comtamss a number of гам oscillations of image toone 
oblteratumeg the interfaces of different areas of ground 
surface. And Fourier filters make it possibletto remove 
those ranitiom oscillations Бу  straighteimg ош 
homogeneous surfaces and setting араш inhommygemenus 
areas. 1 Inaxeppoddamtdosomeanaheshift filters (барвай ети 
black [inldidninkahaedeeppipplied tarspaansparent celluloid 
plate). Some afffect has been axtheeved. Unclearcoulilines of 
stmudtuees nowcoome out more distimcihy and are more 
easily itdenitfified .” 


А liagge paper оп ШВе uses of a wiktevadeigty of filters 
(gratings) was included in the book Remote Sensing 
publisinstbpyhthe USSR A&addemy of Sciences befoxetlibe 
meeting of the US-Soviet group on naturdl resowness 
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surveying from air- and space-crafft. It stresses the 
desirabilisy of using ggatitiggs in ppicture identtiifiicaitontoto 
improwethbhejunidlity of images. 

Founier filters thus suppress'"finisse”..... But we cam atso 
regardlaas noise not only interffexsrece but all manmer of 
variations of the image, for example, changes in Haarld- 
written letters. Computers, for example, “dislike” 
manmusonjpiss, they ppe&fer special-puppsseldtetenmg. It was 
once ateemppiddotpuput this sitate of affairsrrgbht by imoreas- 
ing tllecegpaititfof computtemmemoryrahüytententeziimfanto 
it fresh vasiriátions of confügurdionns of handwiiteenlelet- 
ters. But it 15 imppossibtetonaateofor the песне pfof 
shapes. Human vision grapps the maamthihing: dgentialized 
image!) in aldttter, ignoring пик datleilails. 

Do yauféebl now witerreweaarbebegle dda) Bysthissreason- 
ing? Wéeaarecsnnveheliereeweryandhe phi qpineipies/linhwhich 
visual identiifiicatooncaabebeooemsttadted. What brain sstnue- 
tures аге abbieadplayabethderole of Fourier filters or other 
holograptccccompomests? Here is what van Heedderhahas 
to sąy aboutt it: 

“If we Inaxeaatitiereeidinnsispahal network of neurons, in 
which eathnnenrois isooonrtedtedatéew fidyacadjacent ones, ... 
then siggraddswilbumeoxyagate inis hitwretkvar К wave mawe pro- 
pagattes imaanledastioaniedaum. If, moreowar, the айуу of 
the пеше to propagate received signals can be per- 
manemily епһапсей by frequent use, them the network 
must act as caatlteeetamesisiohal hologram’, with aasstorage 
capacity of the order of the mmnbber of neuronsppeesant in 
the netwomk.... In imfbarmàeiothethreory, recogmüzimg,... is 
describedbbyhthe comekationfufumiction of two ве func- 
tions, or (мо ішюареѕ. The elaborttecemmputianant of the 
conrelationfifunotionacdae descésecibeathmrathienlatiaaly as а 
filtering oppezátkn, but the commputtatoon of the matched 
filter requirediffor this filterimg opperátkois is of сошзеааѕ 
involved ass the ooig$inhl commputtatoon...... Accidentallyaadd 
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fortunattely-oror maybe it is imthke nature of things—aa pro- 
рар wave field canis out ашотаачанИу this 
labotitons computation депхапіћей by ге theory.” 

A team of workers headed by Proffessor Nikamo in 
Japan hae mamuffatturéd a regular threedimeessoaal 
crystaliliee composition, am associtoon. Iniits strudtuee it 
strükinglyrassedribicsavátedrieei deie*srisoniption of a osii- 
ble scivenee of the braim. The regular network of electronic 
"neurons: of the associátoon is suth that it camppass elec- 
trical signals: for example, pulses from а “retia” com- 
sisting of mamy photoetHs. If a "neuron" receives two 
signallsaat once, it makes note of that event in itts memory. 
Otihenwsse, it recoxts nodlimg. Accoxtim?Pjy, the system 
reconiés not so much the information as the result of the 
superposition of two or more infommatoon “blodks” of 
electriicd! signals. In other words, it гесек their assocta- 
tiom. In Nikano$s “anystd!” associggnams are so closely 
linked! that it is impassitte to single out any of them. 
Recuremt information епіханевѕ its пак in the 
аззостагооп, whereas rame signals cam be comnpktet}yiokst, 
being chodked by more frequent informaioon signals. How 
this all resemibles the workings of the brain! And no 
“stontionnses of memany” hawesso far beem foumil in iit, 
although each neuron 15 abletdo rementhber, and in exactly 
the same mammer, stronger impressions drive out of the 
memory rarer amd weaker omes..... 

However, whatever inticate modidlsaare comstruotdd and 
whattexer gemerdl comegpts comcernimg the possible stnuc- 
ture of the brain аге put forward, a scepticcaan always 
counter, “But who saw, and where, that real neunems ac- 
tuzllsyddcdiobegaphy or at least something relatetitdo it?” 

А ddetixited discussion of this topic will comclutte the 
book, but now we will look at so-called! optical illusions. 


Chapter Htouwteeen 


Illusions Product by Our 
Search for Trail 


How mamptitimesidme traedecéeanististaken 
for the comtiinudioon of а recul], and thke 
shadow of a cliff far a Heerd??Irisistanace 
companies are iinpgxsssession of statistics 
that prove that an anttixeabbssseyeparates 
the wisuall iimuge[ifoom oclitity.... . 

В. de llaTRüile 
Les illiusiom dioppitjgae wu ЇЧ йр 
de litingsaslie 


Cognüzanoueissaaluliain of hypotthewestbhat are ttestetitad»ebe 
rejected aasimvaidor accepted canidisssddsas guidance. Vi- 
sion peefóarms the sawe job. We dionabot notice this only 
because it goes on only at the subcomscmus level. The 
“rændi eye” constmutts hypotheses aboutt space amid 
ananmgenwrnts of objects iri it. 

Normally we wiew theewookddrfnomyeyle evel. In this улман 
the ssufáaess of things have difmiitetetextures. Grains on аа 
wooden lieard, the умей and warpodfi dafabric, the ttangle aff 
grass blades, the intricate ormamentt of tree tynanbhes, the 
striped hide of a zebra, and what not. Texture makes 
wood diiféecant from meeadds, glass fixomfdabric, sand орт 
water, and ssooon. Growwes, ripples, and wavxesppooiddénin- 
formation of immense impontameefdior the braim. A fftee- 
ting gllareewwolldebenoenghgb itoa gimegine stlfemeeftness of a 
fluffy cappet, the срока сп of а steg! sheet. And айй 
these propetties can thewissiadizzetwhberdokikinganot only at 
the medl thing, but also ait a ppittureoor а pihoogganaph of it. 

The ffathbenwwaysiananbissject the closer together ardlihe 
elements of textures-cione of the important signals of 
distamoe. The military knows that when boutons on the 


Ch. 14. Illusions Patiueedbby Ouf Seaiclioforrüduth 199 


unifonmcearbddistiscerd tde the eryem 06 1200ametres away, 
when egyes сап be diistimpinkhddhehe enemy isssGQnenetres 
away. 

When surveying the terrain, more distamt areas are 
viewed ait amore acute aagble. Here aggámmihihdedslails of 
textures come cthaser together, but this te¢lisuasqontbihmeg 
not only about the diistanebwtut also aout the edlexattton 
of the @bseveer. How umussiaàl space lixecontes witecenaaconm- 
mon point of referemoe is chamged, when some visual 
axioms have ttobbeepégdadday byhathers. 

А vetreramppilot after ташу yars of flying light aircraft 
narratesabbotut his ffisst acquaintameewwitl aedmega yyjaptane: 
"I mammeditiheornbgkpit, took hold off the ccomtob! wheel, 
glanced ddowirstat the growmilaadd was stummed. My eyes 
were mat at the Неба В two mettessabbue ¢hthgrgnadrahtbut 
at four! The airfieldssesradd to have shrumk fourfald. 
The gromoidjappeadesb smusnukual and disstant that I couilü 
not imagine How! I was tto land.” 

“Coultinnot imagine howi Waawto land,” -that is what 
it means ащ йу зеге е tite em аш twerwonld intal-total- 
ly аео way, fromaan uncomventiforal angle! For- 
tumatd)y, our brain iisaas yystanppassaising dobestal adaptine 
powers. The flier goes conwwithhidhssosyory: "I came diown 
from ШВе aircrafit dejected. Whats to be дове could 
not tunndiowrntlthefbffer, all the samessoneblodd yiddotüyfly 
and Пат зу! And sol got intotteepplaeemecmmore. I 
again polidddhtheononirol wheel and bbegartott»dhok at the 
grounilaasldrining апап пр. I ѕо of began ttoaddgpt. But 
suddenly, іп ве place оп Ве groumdwkhere my gilanee 
rested, a medhariicagppeared. He lloseetiunpoamibyl Viclistant 
and, as it were, reduced. Again everything became 
unclear. 1 came dowm once more, іп sseernal minutes 1 
again saat at the соп! wheel and ssáamtédusuevéygnibethe 
ground. After having ssat so ffor five minutes I ewentudlly 
felt that now IIcearseeeelelràyly: a lanüingispoesbilele. Now 
I was sure of myself." 


The "maggic room”, in wihitdhppeptd erahdnaniisalstunnoidtandsvarfs 
or giamts, is imffact amiimeenoousritlick. The ceuveddvwhlls of the 
room, when wiewatlffoana aeataipopoint by oneeye, look peffedity 
nonmd]. Therdfoee, when gauging the size of the boy, we 
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autonaatizd] conypare it with the size of the windows. These 
elementsbbaipgiivisllallyahersanieesize, the lbnaircaoriatedes that the 
boy amd the dog keep chamging their sizes. After all, the 
"mressueereemts" perfornedd by tihevissuhl apparatus are redlatyve 
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Texturesimigarmmsus about the distance, nature and ffonm of a sur- 
face, the вії of observation, and ssoonrmad dosforfidrth 


This axigpátitiommiglght seem ttobbadoewsiift. But here iis 
what the aboweamantiiomeedGGaangiga said: "lt is to be 
remembered thhat we aresstdditiggrdnlyalfalf of the Humaan 
braim-aa system aalde toldeamn readily aáíter the first at- 
tempt”” Well, if such is tte severed boaain, it is all the 
more powerfigl when thke hemispharescexbhapee infonma- 
tion amid help each cwbher. 

We Њаме, however, digressed гарь. Widely №ктахуипатаге 
the illhssoons of “growth” of identical objects when геу 
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are dinawnaggiasist the Haxbiggoaurdd of converging liinesoor 
against the backgrownd of “comtratingg’tetexteses (which 
enhances the efffet}). Such ppitturees are gramerdlbyciitddisas 
examples of “іга! illusions”. But what has illusion tto 
do with it? Is the eye a measuring instrumemt like a 
micrometer? Hambbdiiddnith ele dinamaisiatidistinct postulate 
proved by hundreds of thousaniis of unconscious ex- 
periments: as llorgaaswwolgéjectovever the samennurhber 
of elements of the ssansetdexture with Фет outlines, they 
аге cegqmal in size. This behaviour of vision sseamstád»ebe 
above dll related ttothhenuluitichamnhel character of the pro- 
cessing of infommmíion coming fromththe eye. This is 
because imaddditiomo tha hbachahnel of the generdlrzetiinm- 
age (where ttivesiggnaél is independtent of the ditarmce of the 
object, whereby ttiveldaeter at any diistameeisipqyeriereds as 
the ssanreobjpjaijt) there cexist special-punpose ctlaannbis that 
independently and without any connection assess the 
“шше” size and “шше” distance. This its сай ее tétextwere 
postulate"amdd, probabhy ermoggh, it is tihenmaterihl foum- 
dation of the ffumctoompgg of these dhametis. 

But what does tiireegyeseeciinhthspspeaiallyooontric qd cpic- 
ture below? In the first case, the cylinders blot out 
elements of the samebaakkgoonddetsxtanelitichease at dif- 
ferent distamoe fromoone another; in the second, they 
cover differemt numbers of textmmreebdemetis, and hence 
the ffatbbemmest cylinder is ttheldaggest. 

No, it would Мепоййат to Haneeviadsion. The pitture is 
perceived im aanabbsbltetiel yrtrumanannervawitg the theaitua- 
tion muokidléctbpyith brbraim its itstantetnal perceptive space. 
The tbnainceoststausts picpiceure of the arnaggement of ob- 
jects, if you wisth, а hypothesis, without measuring ab- 
solute sizes-ea clue to a wide waréttyofof illusions. The 
relations between the object and the texture of the 
backgrountlaiare indications of relative characteristics of 
things (more-tdess, farther-clokeser, and soon), which ap- 
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We gaugetbhesieob6lbgtctsofnodm thentbember of texturecdlerments 
they Шей out. The small cylinder ((3)issthbeeeitimesrsgibdier than the 
largest one, but in (b) it seems ttobbe, at least, eight times smaller. In 
(c) all the cylliniiesssseemtd bebehehersaraizeize 


parenilycaatebssassedsbd thy the brain ума wmenkabkable 
ассшгазу. 

But what if theneaare noteextures, if the eye аліђјуѕвееѕ 
smootthpplaneanantcb bolanidar igs? iithercadhecioompessusness is 
Черпкмей of опе of the most important “key signs" that 
can Heeusrsédoto adapt to aasiitatabion. More tham 140 years 
ago the SSvectiishnaratutialist Necker drew acabbehthat could 
be tunnel inside out. Ome face of it appears now ffroteal 
and nowbbakk. There being гро ripple on the faces, the 
braimhhanmergnodnds for prefemtingooa aypopottiesis te the 
ойегаапё ё it switches from орвес еһе other altennattly. 
Іп евхадфу the same mamner, at night the eye does not 
distimguishffinelidfffenencés ipxtexturesIwithrebelresult that, 
say, an шіћімёкуіктімег may miistkke a dark cliff от a dark 
entrameetda tarturnel. 
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One ssubpgettddotanaludiasidnedoes not, as arnide, see its 
difffeneerncefifwonnarorahal clear perception. An illusioniisaan 
illusion ppreitisblybdvecaase the perceived imaggeapgpgoears to 
be asstitrae as aaryyoOtérer one. Really, it is exceedimply dilif- 
ficult, nearly iinppessilde, to ppessudde wicvintim of illusion 
to chae his or her mind. I remember riding once 
througihtlthecouryaiyside at night. Directly lisffoee us-jjsst 
over there, beyondltbhe trees!-hhugg the HhiggeygBliowlidisc 
of the moon. The dirvver suddienilyssadd: “Now is tihettime 
to fly toohthe Moom!” And went on to eeprhdain: "Louk, 
how соке it is now, much closer tham when it is 
overheat. Filirddkly, I was situmndduahtbóbokrsernimtitne to 
answer. But all my eaxypaadGions in astromomicedl terms 
prowedltdo be ппумаш. The driver only сотне фот п па 
thenbbüt at heart, I felt it, he sttw&kttbihpiapinion. 

The illusion “the moon near the horizon” has been 
descrilbedl esverb b y'tPleoterny, who weasaldsahth&rfirst to give 
a reasamnabld expiplanatidnrfor this illlusion: the effect is хе 
trick of vision. and mot the result of the magnifymggacion 
of the atmwwphere, as it might be expetedd. We dibonotot 
make oout new ditbàlds on thedumarar disc, which ахмаз сої 
be ssemnwhdrethahe lumimanyiss at its zenith and the disc 
looks smaller. What them eexydainshthilulliasidmrb?re? 

We are used to having objects dimümish, іп sézze with 
distance. The Hrmélibippysisieist William карти ВФ фо К 
The Uhiiverse of Light wrote: that if anaaipplanepgppeaded 
just over the Huoraorrmhi it had thesaameisezes ashwhen it 
was overhead, it would be a shockimg sight. On ap-. 
proachirygthhd¢ddzozon, the momddeeaatot become smälter 
as ttveaajriplandodees. Its arpgildar size is atomsáant. But like 
the plane the moomnsear the horüzonssemms to beanmere 
distant thanovedrehd. And sotbhe braimddraws the un- 
conscious conclusion that the lunar disc had become 
larger, otihemwiseiüt coulkdnnot have theesaamengnbular size 
as when it is at its zenith. And wesseeaareeaonmousgsonoon. 
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When bbetweentithe yeyendadnaumeinpank theak athere are 
no ttextmees, vision misscáteidateshthéististangeeatigatly. The 
passamgers of amaáicr&ft flying Doetweerclifíffs cry cot in 
fright: the wiingwilllnnewcsarahcihaheckecks. But they areaa 
good kilometxe away. Even the astronaut James Mac- 
Divitt, а таап of great skill, became aavivittim of an iillu- 
sion: it seemed ttohhimhtbat the за! stage of the llaumbher 
was Only 1P2Z0nmetres asafrdnohislsisaspacdtraft, whereas iin- 
strumerttsinditiaatedo60Qemetres. 

Yes, the world consirutéed by our consciousness is 
depemitent both oonithpapast and theeppresent. But not only 


Some illusions 
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on Чета. "IBaragpitieenmddllstatipipatteheheifutyre," wrote 
the Soviet psychologist Velichkovsky. This anticipatiom 
gives a clue to the amazing noise-resistance of com- 
munication lines tramsmiitingg signals fromtlthe senses. 
Noise is ша еафп сі serious dianaggeeted ti enimrgxpehtltat 
has mostly bbeerrcrentatiedefbe&onehland. The picture aff the 
world iisfdonmetáh thehdndind out of those ffnggneentsTthrat 
we have aanpilyststdokeduour mind lixéfoebhadd, long before 
the eemoautser. with aagigieemhphenoamenon. The fragments 
are aeeneeviédcb)bguour experience aamkcbigipalals of the ssanse 
Orgams. 

The more familiar is asisitatatron, that is, the more it 
correspeordistádhthinrigner perceptiiwe moodel, the ffaster and 
more automaticaly а man reacts. From scratchy 
fragments-instisirument геайіпеѕ- фе operator at a pover 
station visualizes the overall picture of the work of 
boilers, turbines and pgereaators. Апа пофі just visualizes. 
The maannthtinn gn inishioóslprislptédiction. He musst catch 
the moment when exartts will require Hissirintifrference, for 
which ;puppese, in ttheewwodsls of one гіт traffic осо Вет, 
he "fmust rum akhedd of Шер”. 

To coomplyufüllwiskitlnesne's post, ап opperator needs а 
rich iimeginaioon. It will allow Hiimttovwèrkitkith anitacute 
shortage of infommaioon, and’ evem-edf course Ног not too 
long а time-wwithout any mew data іпрш at all. But what 
is "imagimaiooh Tf ifonot a welll opranzzedppereepitie enmixdel? 
It helps to бпа (Ве shortest path to accoreect solution, 
andi aarmanwiWiülnágiagimatiomtis at all times ready ttoaact. 
So ttest pilots always mwrtáljyraeonsistruct their forthoom- 
ing flight. They visualize the most likely equipment 
failures and constmuit plams of actiom. In aacxiticidal mo- 
ment they willlakhweyshdiavespshchodogiiglinonatentifoe for 
decisions, because in an anticipate situation, as 
psychologists mote, “the respomse time ttenlis.ttozenyo" . 

But how diagenousmmapebthd habiiabit to tndhavefédiew- 
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ing га perceptiienmddel anticipaingghthe reality if a man 
has wegporsnimnenoonitalledspassession. When thie Soietet 
jounndlitt Vasily Rekoovwwn \а5№151 to thieeUBS Airgd'odarced 
his phot gun, his Americancabélgagues were Поп: 
“Bury вепра at the Боот of yourssuáítoase and never 
expose it! Woe betide you if you aim that gadget at 
somebody: insteadloóf а smilleypaurmayeget а Бі?” It is 
only natural that with tteeUSSnmdeder statiüstiicaasitit is one 
сап exqeett the "fifmist shoot andtbben ask” behaviour pat- 
term. То Heessure, the jpeessuee of such aadidismh] регсерйме 
model 15 a consequence of social condiiiioss, and the 
senses гағепаої to Фдатеетеге. 

Illusions associated with а perceptüke model may in- 
офисе errors.into scientific work by affecting experi- 
mental results обсапв руһ тоноѕі accurateimpstromrests. 
The book Optical Illusions by S. Tolamiky at London 
University ggyessumay vxexaphpiles of suchiimcorrect percep- 
tions. For example, when aassessimgbpyighght the position 
of allineeqqual to Ме НАМ of а Gausiiamowevtháhat 
describes the ppobbabiljtyictishutution of a wite waiityy of 
events, literally all the exqrermeenthtistsrerr by Opper cent. 
And exenwhkem anmüekedleuler clearly ünilicatesarisistake, 
the шсошеки drawingsstill appears cormect. Out of three 
lenses drawunsiside by sidde the largest appears the most 
"paundhy^, althwughaál| of themhhuse been ddaawnwiWith 
the sarmeesstítipg of а рай of compasses, and ssotlthieir cur- 
уабше issaahsobatglth¢bsensame. Accordingtodl dlolahyky, er- 
rors inssubhsisitnatiens тау bbeass high aas 300 peer cent. 
And тод aabebtodenbcoabbout it, since й all comes ffrom 
“immer modek”. 

The illusion of lines of equal length ((addedirenps) that 
арреагфффе of unequal length itseaxteamblyoompbiing. It 
has llongbbeerpdbiehevethathat the esyeaassesseshtlieir sizes Юу 
jumping ffoonorenndnd the éterother. With thee dids|pqimint- 
ing iintltBeasaméirdütectionths rtlotianption, the gitamee, as iit 
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were, draws along them, so making the dimension 
psychübpgieHNy longer. Comvesstly, ^ encourtterigg 
"oournteraütigb" tails, the glamceisiscort of hampered, and 
so the line seems tobbe shorter. But this hypattlesiis is at 
odds with the results of Yarbusss experiments. It will be 
recalled! that when am image is fixed using a sucker, it 
vanishes not at once but in аѕевџоћһа or so. And during 
that time spam, whemaa mam is undble toshhift his sight 
along lines, he still sees similar illusory lines as being 
longer or shouter. It onlreomimms toaaceppt that the illu- 
siomiss due їо ре transfonmütimns to with the visual im- 
age is subjpetted. As we know, these transfonmations 
resemble viewing a picture меһ a Fourier filter. 
Founiter amalits appears tobeeveery imponttamt, since iit ac- 
counts for illusions not fram psychdbegcaal (that is obtaim- 
ed by the “ladk box" methot) and not собран, but 
objecivee viewpoints. If we tum the image of lines into 
Еошівт holograms and discard from them high+freqeency 
tenms of the series (a ccomptetessassistecdcexisepise), the im- 
age rrecoveréd fram the hologram will be exachyaait it ap- 
pearstoqius. That is, the illusonyldogger line will in Басі be 
lomper, ап even measurements will prove it. 

Anatther illusion is well known: equillateshl triangles 
with the same orientation scattered over the -plame of a 
picture seemtcto "fly" nowinin one direciion, now inn 
anotiteer, and now іп yeet another. In all probáblikity, that 
wanton and unpredictable behaviour is explainetibpyhdche 
fact that the visual apparatus does not make use of the 
entimeinntertial Рошйют filter in the brain, but only part of 
it. This effect is beautifüly demonstnatdd by a computer 
by iikhadting оп. the displaytitae “flight of birds” in апу 
direction, for which purpose И oml needs to look at the 
triiargitss twouygh am appropriate piece of the filter it has 
syntibesrzet. 

Comnsegmentiy, optica! illusions are a prodit of the 
brain work. And the latter has a fonmithbbde сарачцу ог 


14-667 


When iinadhbislgigrarrhetis dii he (requsnsiy та айе anecvedoeod (d), 
the resionctimmaed (ppbá Brleneiwithatltailil'ediedotedsinet sádeis ac- 
tually larger tham that of the line with imwadd “tails”. Here: 
a-syskhthesézed hologram, b-titke image restored from it, 
c-fünuatatéd" hologram, d-reststar¢d image 
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e triangles(G), like a Hy of birds, canbedamggin¢dotmoveve angny 
the tthreeddirectnons. To эле Ин, it is sufffickenttoocaut out of 

syntheszetihblokognatb)(b) an appropriate piece (c-e) and to 
tore ttleeinmgeéc(c -e") 


sordlinggppast experience. The questiontthus is: Are illu- 
ins relatedltecxpepemenee? Put another way, will they tke 
iferent (if only in their intemsity)) in people with dif- 
‘ent kinds and amounts of experience? This most in- 
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teresting issue, among other things was bwingiinesiggæed 
by tthrealabros-ennntinined eck pexp&dit тооно fotht- of ape -wày 
regions of Uzbekistaninn. the early 1930s. Soviet power 
was узы beginmüumpitts tramvformations there. You соо 
meet there aafdieaialetstladent of а пты еда! school and adiso 
an “ichkari”, adiowntcddelem oromanhwheveaever ventunad 
beyond theevewnrintpigasters of a Шоп, and wasddestin- 
ed ttosppandhérer entire llffei ira mxtktreehelyanawawdlircle of 
interests aaddniprpasissions. The members of the teeamhdiad 
an unheard opporttmitty to trace the variation of the 
workings of the womans visual perceptiionaashthevevel of 
educatiionaahdhynvaiwement іп saci! activities innceeasdd. 

This especially maanifest taeself in illusions. Specifically, 
in sth a fameus illusiom as two. identical rings one of 
which isssurmmoudedday Biygrings of larger diameter and Ве 
other by mimss of smaller diameter: the ffisst one sseensstdo 
be чит thamthkeaecohdnene. Ichkaristtumneéd out to te 
illusiomiresistant: only аа ег of them ggot caught by tthe 
illusiom.. But the more educated the group of subjects 
were, the Шефвег the share of the illusions*s victims was: 
students, nursenyssdhw] teachers-664 per cent, Soviet ac- 
tivists-885 per cent, student schoolteatterss-O4peper cent.. 
This is quiiteumterstdadable. A manatritglinvohalddd in 
social life, and eseenimreoscusterdents, oftemhbas to mike 
assessments by sight, comipaiineddistamses and sizes. Ex- 
periemoe shapes the perceptiimenmddel of the world, and 
the lkateer shapes illusions. 

Similar investigations canredoout in thee late 19605 in 
Afrücanvviligeescgaweisabilar results. Illusions commanféor 
town-dimalling AAfcarans were nearly absemt in ttiibesreen 
living in гошюй huts: the percentages were 64 зай 14, 
respectively. 

This agaim goes to prowe the rule that we офќёегвевее 
sometihingaaswwecea it not because iit is like thissinnadahty, 
but because we know умна it looks like. Our past ex- 
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perieme preddorimatatesehere. For goodiocorilillTrimasost cases 
for good. After all, it is our experiemoetbhat enalbles us tw 
forsee possilbleismpliedtlons tomakke our decisioms with 
more confiiimee and speed, and to adapt tothhe world 
arownd us and eventudliytaddiveveetbetter in iit. Commnonmer 
events seem toobbmmorei¢rue than unusudl ones. 

In the State TiatetakakoU allkaildnyMasdofoshere there is а 
St. Petersbugg landscape by a famous artist Count 
Е. P. Tolbttoy((1933-387B). It is covered witila a piece of 
тато paper one end of which is dog-earsi. And 
altihoghhnmapnknknotsathat the pappersisiidrawh ејеудеефе to 
the temptaionn to lift it. That the paper is a piece of 
brilliant art is iggmorddhybth¢he регсерімептдее! andsso it 
prompts the most naiturdl solution. Assessmemt of pro- 
Бабе thus lies at the heart of the functüiwrmg of our 


perceptions. 


Chaptter Fifteen 


A New Clue to Olid 
Mysteries 


Hologram, which was first used as a 
metaphor атату, has become am exxudt 
model of normal oms of work of the ner- 
vous system. 
К. Н. Pribxam, Languages of the Brain 
(prefacetoahthe Russian eetiitoon) 


A cat was sulbjpectt to atteppaadomnfof the skull by drilling 
a lind beinnitit. Nonmallly acátsundelerg chehesep ogetrationstlwith 
enviable ease aanidumababout in several hours, but this one 
lies nma@ioobtess. Intoitits vein ffromtitnmen tome: ane-sup- 
plied dtnpidets of curare, the comeeryystersnn pqieisothahat 
SouthAmmiicanwwatoiwr Indiams used toosismear on thkair 
arrows amd spears. Сша stops the contraciion of 
muscles llieaavsitatch. This is menmrhebblycexnerinmnt for 
physiologists: the ccat can bechimadidled without tying it to 
the table, and aidsdtit does not move iitseyges. They .are 
fixed зік уаас one point, at a screen wileerca d rfínvos'laS is 
shown. 

A resuscitdtconapppatatusumsngsiigtiietly. The cat is lying 
on awanmhbedtig ратара, seems to ее 58 $$. At least, 
it is met angry aand its malice dieses not ruintbhe experi- 
ment.. 

And in thee screen fftaats a light stripe-etbtlroriedse the 
fixed eyes woulddeseaotottyng. Now tthesstpipės iepkpkated 
by a “zebra”-twwo stripes with dakkegaps between ве), 
or else thneee, four or five stripes-aas many as the ex- 
perimenter pleases. 

Gratimgs.... Spatial frequemcies, each of which is a 
signal to Нее Бат. 

“They гелей ве Фата ава: the lizámregHll ylokevep epioform 
holography,” said Gitezer. He паю! go amtdexexpdnd, 
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but talkedabbout Hubel and Weesdlaaddhtheir experiments 
on äts. 

The American physiologists, studying retinal fields, 
showed the experimemtdl cats 'various lines, large and 
small, horimonttal, vertical and slanted. For each llireimtlthe 
visual cortex, іп iits occipital area, a meeuoonwaeas found 
that respomdktiitdohahat line abone and not to amyyotherer 
one: a fumndammrtál discovery that made headlines. 
Curiously erooggh, they managediadifihdesevekal cells for a 
certamm definite line. It was necessary to move the 
microelectraxttes stidtdtiyarorahal to tHeecoorcaal surface, and 
then ssurbhcallsvevermenuuurtéke one after another, just 
like stacks of coins. A megpbboririgg “stack” might be 
tumedltócihthsasamiénkind of line, only iimdlirectissliblisl ylidif- 
fereniily.. 

Why sonmany «піп stastla? P?rBephapiesciehas lae here 
an exangpée of redumdtangyoóf amazing multijpiciyy Сока 
it be that all the meuoons of the statkaarocumipikdytyeahe 
same business? If so, is it this that accoumts for the 
remarnkdahie reliability of the visual apparats?? But this 
was aniisseakbaut which scierníistscoainddglyocjereunture. 

At the time, the problem of “the braim and 
holography” was 8 matter of a lively ddbbate in the 
literattureoomeneupbpliysiglogy. Do thieeseststalcks and theese 
lines have anything to do with the  holograpiliic 
hypothesis?-vaeas the questimmppestd bythe workers of 
the Ilabboratoryt at Koltushi. Andssotlibeyeset out to show 
"uowies" totbhe cats-gxràtimes with differant spatial fre- 
quencies. 

Why jysst gratings and not anythimgcliseHblovowould 
Glezer and co-workers be so oonfüfident that they weooudd 
find neemoonshthat respomdnnot only ttoaainirlgletispripeitbut 
also tocbloldcks of two, three, etc., lines? Teeconfidicterece 
followed fromtlibe essence of holography, from ЕБоцыег 
series. The shanp brightness difference is the sum of 
various раб frequencies, which extents into iirífuiig y. 
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Fach neuron of the “баск”, or column, in tlheaottex eespodkdoto a 
grating of a @меп<уранА] frequengy. The sdlitaagbie sbaceci фу by 
the gratüimgisis 2.5? inceats and five times smaller in humans. 
Therffore, our vision iisffveaitimes keener tham the ffdlimevidsion 


Accomdingdly, if the braim perfornss holograplyy or 
sometihingliike that, if it cam proddocé dinieriexpexpansions, 
the visual cortexnmust have cedlés tumed to “zebras”. 

To Бе ssuee, the experiments stanttetinaot fromsscautich. 
Back in 1966 the outstankhogigtighsh neurpplyyiodbepist 
Fergus Сашу] suggested that the visual system ffiuac- 
tioms assaanulultheinanhel Еошівт ег with eadhcbhanelel set 
to aaggaátip gr Mithcercertajmtsglatial freguenoy. He provedtit 
as fkdllowes. At first a sulljeett, was slnwnaabpráming мас 
the comirast betweemttbe bars and gaps was very Шом, so 
that the grating was barely percepiiite. Next the man 
shiftedhhssigight to aahiggh contrast grating and watched! it 
for about a minute. And them, when he агаш tried (ао 
discermthkdohowooonttast grating, it appeared to lieebblalnk. 
Try as ihe сошій he could not make out ату т», since tthe 
powerful signal fromtlthe contrast grating had drastiicdliy 
reducedthbe sensitivity of his visiom. Clearly, іп all three 
cases the images fell on diflerent retimsl areas, so that 
photoreecpóofafataeueawas out of the queesionn. According- 
ly, sensitivity was depressed] at some higher levels of 
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Whenaaninioróetectdode impimpldritedtbrrpetberpürpendicular to Шве 
cortex, it enmoouneesonennons that responttooddiffeeenegratiggs, but 
all the 135 that distimpuisshtthesegnátings aredtinlded at the same 
angle 


transtluciónn of the visual signal, perhaps in thee cerebral 
cortex. If the “weak” and "stone" gratings differed 
marmketliyinrthdiegpspalial frequencies, no digpeessonrpounur- 
red amd in each case diffexent relay chammdis were 
operatie.. Butt are they гра ууссютытеейеф tive Cbetecórtex? 

The theordiiedl reasoning of the workers of the 
Laboratoyy step byysisjepramatigfiguridoiatong terigsseries of 
trials that ended in remaukàlbde success. Neurons were 
fount that had earlier been ppeddictédhtheareslbally. They 
ФИ respantitcto single bamdls, but each cell yielded a 
full-blowiteckisigrial when Ве cat was showmtlthe grating. 
Such was the first discovery of the Soviet team. 
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When 'the mitrnobttectoddésianni phan exb bblidyely, the fidittsoveehiap 
and ив ангаре at arbiiteayyaagetes 


A sseconididtssaverwavas that the grpaitipgnnsust look ikke 
arretiagkle of a dééfüititéelgngth and width. In thee fovea, 
tlessharpest visual area, a neuron of the f&iind»biaiwiWill 
be excited andl wiillreeoggnizelth ¢ gratings ats its Woworllyorily if 
the llatéeisiseseefrdiroasaliscdidlangle of 2.5°, not more and 
not less (im mam the angteds 0.52, and sso our vision iisffvee 
times keener than the eat's). In obbher words, the grating 
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must occupy theeestitirectstahal field amsocidtedwitdtla gigpren 
neuron of the cuoteex(i(inwhdtat follows we willreééer to iit as 
the На of the ardll of the ccoteeX). 

A tthinddidiscoversutordeditout to Hsetlihennmost striking: it 
became dkar why tthereaareaomameurousdnsthn sthelstack. 
They arebbymomeeans сопло іграе! altheugihtithey 
receive gratngsspprepteted onto the ssanecre¢tiaial area. The 
neurons іп ее stackaare separatesco that each hhas the 
task of respomilinggtd@mmngremayng, ignoring all the aitteess. 
This mans that the statk, if viewed essaawkhtsle, will “see” 
any grnaitigg that reaches a giienrettislal field. 

Lastly, all the gratnggsldistingubsheuyby ltelimlar fields off 
one stéakk аге inotineddotthathe horizonaat the ssamenigle. 
And neeabbysisnathather stack ttunddotgratiapmgsclmekimdd at 
anodier angle. Andsso оп, throughout the æntire 360°. 

What follows from ttiecaabxvergngumtntsV What conclu- 
sion @anbbdrdvawnofuache disediscievéries? In ttermss of cor- 
tex cellis, the mttimzapppearas ashaidaigesnissedmnponeplosed of 
a miititdde of fields, includlimp ovectdpppiggrames. A given 
field isscoommdetedithial all the neurons of a giiwenststadck, 
and thherepyanatisdistinguish all thesgpaitihl frequendies to 
which ttleeneeunons of the sstatkaareiteded. And Шоове fre- 
quencies have lineenshbowrexptpériencaiüally обеубёу Enesdaws 
of the Héourdesaéetes. That is, the coteexideencibithargitbut 
piecewise Htommeer transfonmation of the pictume ppopyecieéd 
on thheretatiia! 

The comtstadidingesebslts obtdireedaat the Labaratoyydidid 
not pass unmoticet by Ње intenmttiomàl scientific com- 
munity. They гате, in райеаШаг, appsreciiatetibbyHhprpnami- 
nent American neurgpsydtodiegist Pribram in.his con- 
duding remasks to the Russiam edition of his book 
Languages of the Brain. 

Said Glezer: "Our experiments provided the first 
evidence iinfafavour of the hotbegralphihypypattieslerdedved 
at the cellular level. After all, holograptiyisiexexaltlpethe 
expansion into a Fourier series of light waves coming 
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$2 fax) 


Y= sin X 


Neuroms respponidiggotdifffiferent gratings Нупшурооші sharp cthagges 
in brightness: a-sisimusisids of differentffeeguanitiesdddq рогу обе 
а volitagesstep, b — correspontingg taltérseisimusdidsrantr griatings of 
а given spatààl frequency 


гот аа еси, plus storage of the result of the expan- 
sion. And whether the result Ваз been fixed on a 
photographic plate or in the braim is a detail of the 
realizatiionppricgiplé.” 

I answered: “Quite so. But one thing is unclear: 
holograptyyisinonnrhi dysasismedatech twitdrslasers, but theme 
аге nolakasers in ttlebbain. How, them, does the boaaindo 
holography?” 

“Tiere are ltudbogramsrahbohglagrams. As eatlyaas 1966 
holograms were. obtained that had been wokkddwut by a 
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comyuiter and synthesized by аа computer. They афо not 
supire yoy, eh? But where itsealdaser іп acconpptitét Y Жоп 
should] grasp that the principles of holography are 
mattilxemaáiisswhheesenntatiedial realizationsnmay bedi different. 
As you obitairyoyour Fourier transforms so youwwill have 
your holograpiyy. Or rather quasihdhygnabhy, if we ее 
its cerebral form. Holos is Нее Greek for "whale". The 
problem of wholeness of infommdioorraguoidgig frefers not 
only tcovisisiobubut also ttotlthehpbsiciotygy 'of perceptiminn 
general. The mediody of “Canmi” is perosiwedlmot just as 
asuccesiion of soundsbont as appatiticlaamiagage, in all its 
entity, sotkbhat later om the music can be accepted aadd 
recogmizedinmngny key, with aaywarariatioip\down to jjazz 
syncopations-seo broad a репег нію! But we've 
digressed a bit. But as for light-ygss, to fix it on a 
phottggegpbhic plate—aa reference laser beamiss requiret. 
The lbeairisisictot а pinmoggrpbitiplpiate, however. To seanth 
for a referemve beamirn it is a hopeless business not 
because iit is diffimuit but because tiececanreim bebuamtheteere 
at all. If a computer cam synthesize holograms, why 
shoulldthheerebebral cortex bbdrimaghbdble of it? Wéeslsholdld 
seek ttleenmdtérematics of the tain, the iitbeahhasokynBebnen 
in thee air." 

“Weill let’sléaave it. But coulditt be Ша! modemssieen- 
tists make the same mistake as did thousands of their 
predecessors conmoenmed with the issue of vision in the 
past? СооШаї it be tthat they jysst substütuteaantbther model 
for the canveaabhsaurthahat will at some tiineebeaecggniz- 
ed ass invalid aaniderereetleckaotdhytly tas pheviprsvious one?” 

"Wy is' it a miistddee?A&éteallall, the canvenaobbsmarto00 
within ceeraain ili tgigevemdnsigsight into luswanriningegis is 
projsctedomth¢he гейша, іп otbhher words, as a model the 
chamiberiisbbtbthcaocatrate and inaccumateaat the samettime, 
ome we süraybbeyodidiéherdonfines of the aypiliebliility of 
analogy. The same is true of quasihdlggnpaphy. Furtiher- 
more, it is mot ап ЧаайаА! model, like ове that have 
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earlier been ussddotexgleplain the act of vision. This 15 га 
matihemaicaal model applicdbletaehehe various schematic, 
consitutiive realizations of the idea. Mathenmtiss is 
capable of coverimgaa wide variety of thümgs with one 
equaiion. For example, the Russiamnazuwhl architect Alex- 
ander Krylov imhikis work ontbhe theory of rolling of a 
ship made use of the equationsddéredédyblyabrageanged and 
Laplacetéo describe planetayymoioticns. The quasihuülgg- 
raplhichhyppüthésis by momens tells us how neewoons are 
interoonreetetedd and what dendrites relay one signal or 
another. Its wdluelilissnimosoetiettirjselse. It prampitsuusisas 
to wileereweeggórfrormehere, what questironsaaed dódpuput to 
nature and how. And theanudst remarkdttetitngg aboutt it 
is that we find what we hawe sought to find. So 
quasihdlgnahhyapasses the "ruri" test. It explains, for 
instance, why tülleeggenezlihed dmapegecpossass¢he heopeotert y 
of invariange. Fromtbhd- hioirier pictume weecaareasálsilybob- 
taim aalekesipipsion of the imagge, invariant to ttleepiictiete's 
size, brightness, contrast, and so on. There iistbhasodbihing 
inheremilysstnansgin invimvaxiance. Witheutt it the problem 
would sseemfdiar more nmyystemons.” 

“I see. Here is something similar to convemiional 
holograptyy, where Ноффаряатя$ from chbseeamhdisiastiant ob- 
jects areggeometridaylyisiitlar, so that these abgectscaamdbe 
identüfiisdifif a system issawailildblihathat will respomdinm а 
similar mammer to both holograms, whatewer the dif- 
ference between them." 

“Yes, but you «охоо! forget that in tthebbrainhthere 
are mohbblggramin ihehensentsentlonal sense of the word.” 

“Vadim, but does the bramreeeerednioforatiation about 
distances not only because we wiawtlthe world with ttwo 
eyes, but alsobbeaasse fromniddmtitidal objects located aat 
different distamoes come quasihdtegnams similar in ssomee 
respects and different in bber respects? Thhervevewitwith 
one eyenmar@ddldeperceivketiepdepth of space. Таке, for 
example, the ttest pilot АпоКііпумЬфатіф9оѕі one eyebout 
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still remaistiagpipitot. The binoculur mechamiism of depth 
percepiiionhdras been déezangéd, so supgmettimgg ... ."* 

“Donitt jump tocoonhblsisions. Any idea must be tessedd 
and reetest¢dybscacsres of experiments. But let'sreeturmoto 
the issue of separaioon of the outlime of an image. 
Physiologistshhayeostafar tacithyreedueddt it to tteesisimlpktst 
case: a dkar line is dipawrbion whwhiskesheet of paper. That 
is all. Well, in Шаа case феи ев цю imonbyspibssibte us- 
ing thhese detectors respomsitte for lines that have been 
discover by Нш! and Wiesel. And in eceveyydayiftife 
figures  nommdly appear agaist а multidlourdd 
background. It masks and absotts them, destroys the 
wholeness of the comtmour. Howthbhen dossepesxàoron and 
idéntifiicatoom arr? 

“Colour is important, of course. But if colour dif- 
feremoes areiinispüüficant or totallyabbsent, say intwiliBht 
when tbhe-cloloureseitiYive apparatas does not function, or 
when weeldolokt at blackantwhiit plphogegraphs, how ttieen 
is the comtour brought out? The maainatelis beilegrla yddyed 
by textures. Different textus conrespond to differt 
рав! frequieniées. So atigger and grass caresstpipéd, but in 
a Фавти mammer. The difiexemees Не Hpohlinithethe fre- 
quencies wiühhwivirich dark and її areas cáitennate, ап ип 
the dhppes of the areas. Where wisoonfdeela shsharharlgange 
іп sppatihl] frequemiess, we have boumdlames, the contour. 
And thisichagegis fslfelt with thiechdlelp of the aroríiehl fields 
andinneumoans respamtlimetd еһе “gratings”. 

Зиррозеаапииатяре fpfasessed фа tétéenactina: to ttherigiBht 
a ffifeetetexitureititbrvealical lines, and teahthkefleft a moggh 
one with slanteüliliees. We aaee now vwéewünghthe picture 
fromtithe height of the cells of the visual cortex. This 
meamsussug appropriate fields that physically eeist on Нее 
retinaiintt&éoform of photoreegptorsm@orentadeditwiah an in- 
tricatennevwdrk of nerve links with neemoons of the stacks 
of the «ottex. If one НЯ зоюопевя4е of the tnomddary. 
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Boumdiatées that are not drawn but are “felt” stem юан 
quasihóbograpphic nature of visual perception 


and another is-om the aitleerskide, then agppoppniateeneurons 
of differant stacks will be stimulate. And neurons of 
other, yet higher levels will conclude: there issaa boumdlayy 
between thbaetaxtuses here. 

Look at the hook of a Шййпрссаа@е, which its рэёмиёапіп 
stantümgbblack and yellow sitippes like a “zebra” because 
that texture sharply differs from veeritieal and horizontal 
Vines «дме Әт a скопске, it just Shows 
forth its presence and the contrast colours stress its 
outlamüiineess still further. Granted, the siruetuxe is 
deliberate, contrived artificially, and that is why it is 
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distinguisined ssccaxitily. But to mke out the lisoumiduy yofof 
a contour in living things, the braim has to. analyze 
the mulliitwde of spatial frequencies by alll the ffidlilsoóf the 
cortex teunddotdifdeffertn ihclinelingdatiggatings” . 

Mathammaticdlyy, this implies that cortical neurons per- 
form thheo ppetamodmdwowstlas the “talking of the Пазфаее 
operator”. And Huvwegratieftul should weebbdctoatatuteathat 
it mastered ssubhwveisdoin! This рорреууюѓ vision етй 
the contour to beec@omtiredeeVaverhevhere it is bokkebpy 
other abljgects. For instance, a lpudkiisinot halved iffcarulder 
lies acumssiit, and wee"Sseethelénlines of the бесом Нате 
they aaeccavererbd. Experiments to ssyppport the Hyyptathesis 
of the actiono6f the Laplace oppestator were ffisst carried 
out in 1978'in the Laboritoyy. Іп аа year the English 
biologist О.М. Mackay conduxit similar experiments 
and aarivedditat the ssaneeccodichisrons. 

Fourier tramsformaioons using neuroams distinguishing 
Various sqpaiaal frequemcdies аге exttreenet|ycappatiosisarahed-ef- 
fective, and when vision ssáarts functioning immediately 
after birth-in some llixingcoreatutebelietter and imotbthers 
worse-iüt still functionsvwwübhuanrázingerferfeotion. For ex- 
ample, one-day-adlichhikks unfailimghy disbigpisbha &lyfitying 
duck ffoom паук, althougthtlibyyhdaveenever seen either. 
The diffeeenedssmimmete: a Фи К19 аа аа К “the other way 
row” (а llomenecchnandslaoshort tail), while tthe hawk's 
neck iésshbort andtbheafiàil is long. The meaintitinggs thuhus 
which ppojgettinris shediead, long cor short. And ssockhuücks 
rush ttotálkeefefiegenon cesta fled Ted ha wis йа «іга string 
over them, but they reamain calmiíf it is sent tail first. 
How diothbgyraaagtotdisdisaeshuthat is ahead canidwhhat is 
behind? 

“Im our Laboratoyyththere are some ideas concerming 
this,” nnatedG Giezer. “Ти, these arejyest preliminany aon- 
jectures, and Шу await refinement and claiíficatóon, 
however some sditemeidslbaddyvavailable. It is supported 
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by ajissevesitions of cases suffierümpfifronvisishal agnosias, 
and our experimemitsopraambalals. But, I repeat, this iis ўзб 
affisst approwiinmátion. r 

And вез atetorhahat could liyesseenaas ausumamgary of 
the rresuits of the wcokkcendidueteat at the ILabborator yudur- 
ing ttheeppaist two diecaldes. 

There aareaggngsrasniwlwtliah et hsm ЮО sfafisrapart 
into ffaggmers svlithomonnentiectiónswsetwéemthem. А pæ- 
tient is dhownaapair of scissors, he seesaatstigight blade 
and ssays: "TWlhisiisaavswdrü." Next he meiiees the second 
blade antssays: “№, maybe titiisissazppiticfufürk He BHolooks 
further, recognizes the rings, but for him tbhesdiave no 
apparent relatiomtochtheldlades, and ssoh&eagayhahat they 
are sypetbabies. 

What conclusion must be drawm here? That in our 
visual apparatss there аге tWweoiride]epalehtnt systems. One 
isolates fragmemts fromaa pictumeoor subimages-blblizdes, 
rings, and ssooon. The aithversyystenowtut of these sulbimeges 
compiles Неемй бе image-tithe scissors. Should ttieesseonrid 
system 41], the first one wanlldddistiggisishuhibimages, but 
they уко) пао: merge iimtoazisigigléringege. But shouldtklee 
first system Ра as well, identifiicationwwoldldchononimim- 
possible, even withtltheisiplgdest figures. 

What is assibbumgee? И is areegoonvwith raamoge or less 
homogensoss structure. Look at а tree growing in a 
meadow: шве picture thereaare three distimct textural 
subimages: the grass, the trumk, and the crown. Their 
Fourier cthasattdristicararebabsobhyealifidifferent. And Нелтее 
their generalized imaggssuarquipite unique, not to Њесооп- 
fused wiiththh@dthrers. Therefore, all the arownssfor us are 
crowns, and aall the ttmmkksrereutrkmks. 

To be sure, a subimage is not somethimg absolute, 
which iisbbonddo tememdinidfidafimtalyt as it is. Subimages 
and iimagesffomarahidtiaranchy. For the image “fteed;’, the 
subimages are “crown” and “ати”, but the arewnoaritsts 
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own iisthhémageéofor the subimeages “огап”? and "leaf". 
The woildisscqrgneat and лезе, and 0155 ИВ тега ну 
of images amklsislibigxses. 

But does iit pay ttobbrellaramiagagtodawntarmnosaosaíc of 
subimages, апа Цаеег to reeassentibteitit Y а6е5, it does. What 
is the taakkobfessemg, and iintlthdifirlal analysis efftbinikipg? 
To establisihtithe spatial arnrarmgemerit off objects and its 
variation wVibltitime. This iistbhermsist general definition off 
any coprrzantt activity. Now our task is mocdest: just to see 
that near the ttreeinnhthmendadosirctisallmanman. How can 
this be accomplished in the most economical way? 

The "bpainbbpgioititt'ateanismiission, like im TIW, is mat a 
good method. We have discussed it in the previous 
chapters. Also umdáttaadtieév(wenanadeo memention of that) 
is gemerdlrzeilquasitibblegrdphyvoever the artiirefifikld of the 
image, because tthenanyininsest change imthhat huge image 
entails a restructuiime of the entire Fourier expansion. 
This way of identification is not a bit easier tham the 
“television” method], and themefíore nature has chosen 
anotiieragvanee. It has stmekkaddpypyamean: it has diwitt- 
ed ttleevigsul] world iintarmaages, the iimagesintia sesea of 
subimages, which ffor the wawd! appardtusaare, as iit were, 
independent and aat the зап пае they merge ttopprddace 
a Singkewhbide. 

So thee mansstols in thee meadow, but the travels of 
that subimagerebldtive tothbe others touches neither the 
subimage of (ће croomn, nor the subimage of the trumk, 
nor thesulbimagege of the grass. The tonamnhimathtisus to ms- 
pomd to relatively minor chamges іп thee overall picture, 
and sed nínforatiatión pioqessedssed in Неегтахіѕі economical 
way. And to@gainiciatpby Бута effoutsiasitherpnanary 
requirement of life for all living maatter: after all, the 
orgamismeekists not for the sake of infonmationaiad its 
processing, but for the sake of living. 

How does the visual system manage to isolate 
subimages that have atéexturefof their own? THississlolone 
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by the tempordl cells. True, they could do nothing 
without ош old acquaimtancesthehe neurons of the 
occipital cortex, the пешоов$ а! can ddistimpnbltetdxttuses 
and boumitaréss. It does not matter that these neurons 
cannot trace the entire boumdayyamhd have to do with 
pieces of the tyounidarpdeecaustha!perpiertment fields акай] 
too ssnadll. The neryeeceHHo bf the teenphtenmergehtheopusnts 
of the diotiddidintratratég thy oheipicaipital cells tofform a 
solid Ше, which erconppassssuanrerea of textumeaas if by 
cuttümpiüt out with scissors from tbhe»dbxigkground. 

Owing tocththe extremely ccompdematetwark of links be- 
tween ttee"focdglit” and the “tenp” the grops of tem- 
poral neurons are sort of represemtsatives of a definite 
subimage. [t follows that once agpiversuhibiagagep appears 
in thee visual field, an appprppaiater@roup of cells imtlthe 
temple siigndistoaithbibkgmer structures of the wisudl system 
“Tt is рее! "О гаму, for such asiggnal to lbeggyeep, all the 
previous links in ttteviasaal chaim musst operate. 

The rresili&bant chaim of tramsformaaition$sis auciuieus ene. 
At first the reeeqpoorss of the mttinabirdalodowthethlmaimaage 
into nmyyiddds of points. Next the lateral geniculate boddy 
tramsdluxes the поди snintpupulsagifie fields. This transir- 
mation eeradbiestlibesudoHespagient structures aff the wiwal tract 
to anayyzetith enagagesimg пре therivasious spatial frequendies 
and thus to carry out Fourier tramskormaioons, the oc- 
cipital neuranstüurmhéhe pulsatimgppoint image, produced 
by tihellateah] geniculate H»olly,iiritoa pipievewis dlokygpaphic 
one. Now tthe tenpe singles «иі from thaat mosaic птфог 
subimages ttommhkepipriaages. And tthat most complicated 
process, more thaam aabdtdorfor any emgireeer, is tlhermmost 
favourdbbeaadé féffactevmence. 

The wisudl processing ppoggzanbibitilt into theesyystenbyby 
natuxeesssatnitidllynanswers the formulka: “Im dealing wibh 
each sspetifecpmmdbiam, the ppoggrammnsust go олет not all 
the aavaldbbicigigns but only axsrsmll share of them." Of 
course, now that we- know ewerytliigabbout it the idteaapp- 
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pears self-evidemt. But it did not look like that in thhe 
mid-1960s, when ttleeSSuieiet scientist M. Bongard, who æt 
the tiine арап frommthleepphsislology of vision was apomeenn- 
ed withidedentifacanicaystystems, put it forward. Bongardiss 
idea was laidat the foumditionn of ташу сошевпі efforts 
dealing wiihha xavietiety of identifiicaitconpmtobtems. His wm- 
timely cdheásithwasas gregteat loss ttossitienee, all his аспзамн - 
ances used ttocall him aa stgenerator of ideas. 

І asked: “Vadim, but your story rretiueesdahbthtafact that 
in thee tenmpord! cortexthherennsust be cedlisttmmédoshathat 
they пиа її takecoare of any cconecerebbleubibingagé?” 

“No. Not tuned, but self-tunable-aa big difference. 
Before aniimggéafior the fíisst time Inasaappeartddbeforacthe 
eyes, the teenppozh! пешотњаағёцаніеф rothotying. And œn- 
ly wieentebextises have been rreeevecthimhdigieces of boum- 
dares marked, the tempordl cortexconmes intophdzy and 
combines ИН piece sot Кю аги oth bleibdametabies plbiyt splitting 
the iimaggdiritut eubisthingages. We dionnot know whHiith of the 
tempord! neurons will here take on the role of “com- 
Ыпег$”,. But suchnrenmomns are boumdtdonahake their ap- 
pearance-thdat’s the anx of the mætter. And ttiveldakk of a 
prioni perceptiimnisshthgisgist of the iddeawwearareowawncon- 
sidering iintlthd álabotatory. Мопш у, engineers wilentlthyy 
design aan identifications syetemobalveiseme narmowppibb- 
lem, say, to déetemineevhehleeher certaimchharactersratetiet- 
ters or not. Andsso, willy-nilly, they айёетр а pieori to 
build iinocdtit concepts of thoseiimagges that will be shown 
to it, and Heencecoorrgepts of signs that the mathmeniyght 
convenient yusednindsteifirfacation. In manaaddiamumalsnene 
major advantage of vision is that it need not be 
prelimünaillyinfuforedled. Опфошее у, at some poimt in 
our lives we Ilavetád»biníafipaebhthat this iithleecrmewn of 
atteee, say, sothbat the respomdüingneeunons, respomsitile 
for thessibbimgee, would bbealelatech ihetheebentbral struc- 
tunes бое wondis— in эйт}, we havettoldearn. It is to Use 
stressed that the wssul apparatas-apquésesoncnitraigiing for 
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that leanming, it is opem to any impressioss and any 
sulbünmgss. But what aboutt an iinagge" We may think of it 
as aressltlt of the mergmgbyy some cerelbrdl cells of signals 
framaàli the neurons respontiiggdditlememengence of com- 
stitugrit sulbimigges. " 

“Is it comaeivdikedéavave so ташу ‘persondl’ groups of 
cells?" 

“Му not? There are billioms of cells in the brain. 
Billions! Let 'just' а поп of them be those ‘represen- 
tatii«es,, them in ее longest lifetimeyyou would hardly ex- 
hawt the capacity of the system, its memony. After all, 
subimeges, thosecklemments of images, are not that тату. 
So the book, the table, the shelf and what not, consist of 
the ssibbimgge ‘rectargte’; thousands of other things, of the 
subimage  'cidlé; others, of combinations of those 
subimgges.” 

“By the way, comcernimg the combinatoons: an image 
produced that way growsupptstepybsyeptep. Early ssipbimgges 
received just after a saccakiegye mowenmment are stili crude. 
The visual apparatus has just started fumcitompg after an 
idle perio, and the fields of the latexdl geniculate body 
are as yet large in diameter. As they are, theyddo not 
enable us ttoiddeníyfytheagnage. The visual system ізѕооіуу 
able to come forth with a hypothesis “for inside use", 
which issaaesesult of a commpaitison between the comtents of 
the memory and amiimage composed of those rough, near- 
ly sihapelsssuhibimages. How the comparison occmrsiisco 
far unclear, it 15 чищу known that it does exist. It is also 
clear that this hypotieetichl image is represented in a 
quasihobggrapihic опт, and it comes from the temporal 
cortextdohehecopüuipital ome. This infonmatoon flow isssspp- 
рог ей by thee scheme of real neuron commetioons. 

In ее occiput the hypatieeiis is comparet) withthbe in- 
fonmatoon that has come іп by that time from the 
shrunken field of the laterdl genicuilate body. If it is not 
confirmed, that is, does not coincittewitth the fresh infor- 


Ch. 15. A New CliuettoGOddMvisistipies 231 


mation, the раев] cortex intmedlues conrectioms and 
supplies fresh infammtion fromitsts memory. This, in 
outline, is the “passage througiivont the tree of signs". 
This jproeess termiumitssoonedcithbypypothesiaditic imagmage 
have соков wonigietel y . 

The "6ocüijtitlaletampoet'atoropiemplegrkorksoadigr ding to a 
classical scheme inherent in amyststaleld ydywnamiystgstem, a 
feedbadksyystum. A liimgoogganisnis ва permeattei with 
feedibxadks. They ева ег it to adapt, to beeoome adequate 
to tthewookld around it, so warttonaddhshifigng. And when 
a mewmedeininisrhatabed fendbeellbackuisifound, you magy 
rest assured thhat you Haavefdiouhsbisethethiingpimportant. 

And поэм is high ttimedddofosumemeaaspaspect that has 
been deliberatd]y опей in the book so far. The 
generalized) image stored in the memory is abstract, 
“ideal’?. But any real object is different from аапаёаёа!. 
Retumiingtaohehteetree, it may Hreadribiardmlimamekthed, may 
have amıidiibitraryowown, and the trank may Нзеаяраищеа 
by matuednnetelainom the ttre wromrnnrditrarpitranyemanner. 
How abaut identiifiicatson нтеп ? 

Glezer's hypothesis takes саге off that. In ttieevisisuBl ap- 
. paratus, it states, there 15 asygstemtlthat alters the iittedlimagge 
given by a set of constituent subimages. The system 
transfonmsithéitfangonpereal ideal” imta а "meh reality". 
Visual realities are necessary for the abstract generalized 
image ttofdiomrm ihethe process of learnimg, and thhamfafter 
the learmimg is over we at all times tramsfonmhehe 
rememilbaretlabbstraütroso so tas to adapt it to threobhsemed 
reality ankithetebio tdadefytify it, a mamakkbblyfaasontating 
dialectical prowess. 

The “fitting to the master" is the concen of the 
parietal cortex. Clearly, the operation is only possible 
because the tramsformaations in the Баш аге іп the 
language of mathemaiics, or rather electrical pulses pass- 
ing alonennennosial circuits. If dorciipgeontetriepapace, in 
terms of lines and areas, nothingwwolddwomeuout of this, 
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since here there are no abstractifoss. But the addres- 
see—thke parietal cortex-e-was rrevedbetibbylisbsenviations of 
the cases of agnosias and capeechimati sroaaniiaals. 

For us itt goes without saying that people diiiggusthtepp 
from lisitoom, right from lifft (althouglhiit is only imthhear- 
my that many lkamto@aayrguout the writer “Right, Гасе!”, 
tip-top). But in acease of parietal hemomhggecomentaoron 
in gpaceissditismodsed. The patient’ syeyeavannot distinguish 
between “righi” and “ей”; the роет, say, “to put the 
book under the table” becomes insunmuourtóbbbiddsersuse 
the aromegpt of "uwmdei", together with птаатууобезрябайа1 
notions, has ffdlienoout of his mimt. But the dlsseaseissaac- 
companied mut only у wisudlaagmosims. Here, in фе jpareetál 
lobes lie structures responsible for the grammnaticdl 
expression of spatial relatioms, viz. cases andpprppsisitions. 
The patiant, thereffore, по llorger undersitantstlthelphsases 
of the type “the brother of the father", although he 
knows what the words "roihi" and “айыт” mean, he 
caneewenpgioint at thembbut he issumalzblto tpagrabpiitheir 
spatial relatiommslijps. 

In oxtütertócseeevivitetirthélpaperibtal cortex iisressponiible 
for space orientation, Nina РгалёптНоуеа perfommeü іп 
1977 asseiiss of experimenits. She ffowdd that when iinaa 
dog appart of the jpaiécáhl cortex iisremmoedd, the aarmmal, 
айкаш айе to dikstiggisism arossoss from aaququare, has 
great difficulties imnfifididing laldolaphipoint located мага a 
square. But before thhepperanon, the dog мм гесей ВП у 
handie this extremely simple prolem. What happens? 
The supegeryhhádedestyogellethe "aperatoss of spatial rela- 
tions", that is, cells tiat detenminehbousishimaprses are ar- 
ranged. (It is the signals fromssach neuroms that tell 
chicks whattterthhéréront projection of an @xatteakbbitds is 
long œr short, and Heemeewkbdther it is аНапінеѕѕ duck cor 
fierce ам Иа slides oxer them.) And ssodtbelaipgootüld 
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But the рапава! corttexalalso has operitoss capable of 
givingaa comman to neuron structures of the temglletao 
shift a sbwimggeididewdrds or vertically, or to tumn. 

Eadier in the book we discuss the experiment by 
Stefamyea whoskhowddeher suljpecttsaa pictumeinnwhihlch a 
horseakberatabebliclbarbed up and down aiil. The idem- 
tificaibontitime was the longer the steeper was the slope. 
The visual apparatus at first, as iit were, tumst the picture 
tobbniggtit into the “nonmal’?, vertical position, and only 
then the rrecggititiomembchanism came into play. True, the 
hypattiessis of tuming has been acceptslbpyosonpegpteple 
with rrestaaint. But now it is albsdintblyveecessary. Without 
it, it is impossitte to understand the workings of the 
visual system, without it there is moeeplatamdnrfor how 
am abstract, invariant image tums into a q@oncrethdiesse, 
the one that is now before your very yes. 

As a matter of fact, пож Ве tree is pant under а gust 
of wind. Its shape is distoreed. The crown has shifited 
sidewarüs. А pateent with aaddistibrbeshpanietal cortex ddees 
not understand that it is atteee. А Ihediblyy brain, however, 
сак out the operation of displacement and turn. The 
ideal comes ctbeserote disdis&ertedigenage and we say: “This 
is айнее беш Бу га wind.” 

The power of the braüntdqepeeneivüsdistorimdgenages is 
beyomdbbülief. I Парратей tottest it ommyyself, when at ап 
Intemational] book fair I leafed through a tome devote 
to Picasso, or rather to that period of his life when he 
had been fond of “decompoimgg” reality into fragments. 
He usedtéo deform: the faces of his modidls in гарресішіаг 
mammer (о Ве extemt that they weeeaminigager models in 
the comwerntonnhl sense. It had always seemed ttonme that 
such defonmatoon, such dislocation of everything, totally 
destroyekha portráit, and that in itt similaniityissepplagedyby 
unibüidéed imagimatoon of the great paümter. But in the 
book І heldinnnmy hamis, thoseppittwres were assembbidd 
into a sert of series, each of which wasddeveted tmone of 
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Рісаѕэо%5 persomages. I suddieriiy found myself thimkigg 
that I sawchledyy the affimity of the pictures in each 
series. The bram, that great collector of subümages, 
brought together the noses, mouttss and ears spreadlovver 
the pages and imparted to thhensushchtangdingible portrait 
quality that it even seenesttdonme: should the persomage of 
one of the pictures themppass by mee, I woulkdirrecggnive 
him. Yes, Piücassowwatmtbtb to explode the real image, to 
breakitit down into timy ррёеееѕ, but he crowddidoothathing 
with the nature of vision. It prowedltcto be stronger. It 
recovers the most reallistiicreeHlity out of cubist and other 
camwases. The only thimgtithe paimter achiewediss that it 
takesuss тоге time ttoiddetifyfyihimipagesd welilbtnot here 
concern oursdiwes with a discussion of esthetiicd! pluses 
and mimes inherent in that mammer of раї), and 
mamy people, whose visual faculties are not that 
develops], are even unable to perceive the peculiar 
language of the paimter. 

The visual system is .perpetudliy learmimg and ac- 
cummildiime a “оссо” of subimages and images, 
whereby nmarvacafinfihd his way iintitheusuymodidingirivorld. 
Sometliirgtátoflajlyenew, which weehhaeeaexeressen, may lite 
takenfdor somnetliimefafaililiar, or conwersdly, to bewilder 
or eventto homii$y: remember the stories of how рреріне 
who had never seen acaar scatttexetlinrfrfpight at the sight of 
abeditimgg “monster”. Our inner model of the world, as 
we Hawow now, is llapeélyfdioneseduclue totbhe work of the 
visual apgxaratus, and the richer the stores of images the 
wider are our conscious comact svWitth élveoworld, the easier 
we ‘accept information and the faster we learn. 

The picture of theiineexatition of the owcépixábl, temponi! 
and pariüetdl comtexaasuspgessteüytyl€Xalezer and co-worllerss 
in thee Lalxoratoyy, is being caififiéd. At the same time, 
this is a clue to the understandigg of the struciure and 
workings of the wisudl apparatus, of its ramakkbhloqéetec- 
tiom. And the maiimtithiggsis that this also paves the way 
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for both the design of electronic identifücatüionsystetums 
and sstuldiss of the carülititeoture of the toranmat the Highest 
levels. 

If the neurons of the temiporál cortexaare really “end 
stations” of allongsseides of tramsformationsniledgngertey by 
the wéswal image aas perceived уу йе retina, this explains 
the experiments perfomet in the late 1950s by the 
Americanpphysibigisist WW. Penfield aadd.L. Roberts. They 
stimullatetththe temypord)] cortex witht a weak edbettiiccwur- 
rent and thheunjbgectsidieidenbeaiegaitied the capability of 
seeing, literally first-hanü, the events that took place 
тапу years ago. One female patient (for whom eblectiric 
cumentt remowed her fits of epilepsy) saw hhessHlf in aa 
prematd| ward, rememibeiinptthe finest detail of the set- 
ting. In another experiment а yyoumgrmafofodrmiisutíself 
in thee home of his parents in ош Aifricda tim the com- 
pany обе his cousims who weeedalajighmg and talking, the 
presemce effect was strikim@hyviwidd. Penfield weootehahat 
the reprodwttion of each episode сошкі sometimes be 
герезй by intenupiimgg the electrical stimulation and 
repeatiingitit soomaat thessaneeoor close poit. In tthat case 
the ezpisoldetat all times ум бету мн Ш bensamaroint. 
Once Нее енто о вазпетлофе, everythiimg teennmnatédsas 
abmupiiyass it started. The iimgges were mot abstract, but 
very comarete images as perceived by the visual ap- 
paratus-tiisis seems ttosaygeest that the cureent stimulated 
the “collector” neurons. 

Curimisiy enough, besides visual images the con- 
sciousmess of the subjects also producetscmuhd percep- 
Пош. One patient heamütlibe/oioice of her small son wtivo 
was jilayimgirinheéherard, hoots of cars, barking of dogs, 
shouts of boys. Another patient heard aarrohebsstperper- 
fonmüngaa melody that she coodddciaidither sing nor play. 
Yet another heamdlaa Gilisistmmasidedlehier her. chumch baakk 
in Нет natiwe Hddüliadd. Perhagpstithislalseuguessstisathat the 
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tempord| neuroms also take care of the perception of 
sound inféomadoon, and the mesthansmuss¢déd yond beabrain 
for this pumpose is identical, or at least similar, to the 
visual. mechanism. Сош ійі be that some totally uneex- 
pected hodigprabiticonospept would hethsceiemists dealing 
with titeenreechainiam of undersitantinggsppedth ? 

It is quiee obviows that there exists га relatiomfhppbeec- 
tween seeing, the inner model of the world, a specific 
situation, and undersitantinggs ppeech. The ndkiiconsseams do 
be eqpacidliynndticaalelén itha hn diinblishglaapryage, which iis 
soriibh іп woodds having many meanimgs. Speakers can 
undersitantlonnaranother only iff they kowowwwhiat is meant 
by awwotdnithahat particular case. The knowledge ccomes 
from (Нет earlier experience, or tttreconntskt of the cumwvar- 
sation. But the piioreegperieacésimasdstlyisvishal. It is with 
good reeasorthtlhat some Hsdléevetithiat language ізѕаатаау of 
relaying ttoththenamearprof of another person inféommdtom іп 
the memory of the sypexker. 

In tthechhaptenropapaing ne we dissedstd thpettsbtedh” of 
apes. That they cam use signs is beyond question. 
However, they have no language as such. They com- 
mumicaze with humans using holoplorasessepeparate 
soumds cor signs similar. tothoossconddsnahd sigmegendhally 
used by Dabbiss toeappress their desires and signal their 
state. Holoyihrasss, of course, contaimssomenmednggubut 
that meamimgiss a simple statement of fact. Phrases of 
humanliamgugess аге diféeeant. They тесі opiniomsthhat 
an caveat is ttmueoor false, that is, that for the speddeeririra a 
given siituatonmranvewent appears so œr othenwise. 

At the ssametitime, speech iis"relateditóovivisalal signs antl 
symbols. AccordimgtooPRbibram, in his Hpobk Languages of 
the Вкат signs aressyrbbbls reflecting ссовБаапі properties 
of the perceived wooldd. And syynbbiis are “comstnationns 
that take meaning ffoomhthe histony off their use ап Иве 
curremt state aff the organssmusisigg them”. Both siignsaanid 
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symbols create the inner model of the world, they ac- 
Cunmubiteaas aivivingreasatunetacts. “Sign antksyprhbbl come 
together innmaan as a corollany of his demomstraeddnin- 
creased серва ее for action’, that is, for labour. The 
role of labour іп ШВе development of man thus obtain 
апотет, now meuoppsskhlolgigidal, confimmdtoon. 

Priibramworete: “If indeediit is amytbhroglghcaction, an 
effect ор emwipanreent (in tilissceasetbtirer brains), that the 
significant and symilditcpprocesses of language aarebbrogigiht 
together, an explanainorsistat hamdi for both ttleexmitlpiltiei - 
ty of the ffonms of languages aandofor the fact that an im- 
fant in isokateonddersaiot give fammteouanjatgnmegage. Only 
by aatiaarpnosthether like B»sagins canthhe humanppotential 
be realized. Communitettvee action thus considered 
becomes therpoot rather thanthhe fruit of language." 

Putt another way, speech issagpgprbd'üct of vision antaac- 
tiom ssitimlaiatedybyoamether human braim. It is пом coin- 
cidenttall that so mapy famous writers and painters were 
involved imaadtivieres having порс dodeitwitie therlWorld 
of arts and letters. Tobecusere, тапу opppsisit exexaphgsles 
might be posidddd, but here weeaarbdnodrid ftodfindhesome 
majaresvwent or а diiin of eventsttlaat brought that person 
into theenustst intimutecoontact with ttieeeeveyydg yw widdlgoso 
that his stores of impressions and perceptions would 
predieterniimeehhieror her destimy.. 

Quasihdggnaphic generalized! images allow uas also to 
appreath the problem of thinking fromaa new aaghle. 
Some scientists suggest that "thirnkimgisis the search for 
reduxtüionirimnanreirtayneytwith the help of the distributteti 
holographtc  memary".  Hologrgplüc images on a 
photographic plate make it possible to сату out an 
associative search for infomation, which onidyycaiouidédes 
with amnitimagmigegentral while diiffenimegriniedeflail. Handil- 
ing арюб ет, a mamaattemtsttotevekokomemsBwasual struc- 
tures to simplify the solution markedly. Using that 
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“language of images" witicthhhabésenedelehspestlagiequate- 
ly by mostenrhhomranngnpinsegng, and, strangecasiit might 
seem, by alvetissement, literally anyythigg arabe bhoshowwn: 
ошмеакдаарраататюе, structure, organizatii, motion, pro- 
cess, system ШН, trends закалолі, division and many 
other features of things. Wo wonder that the “visualliza- 
tion of thinking", is attri&kwwicelysuasedylpeqpdoptetlwath a 
creative beent. 

We Haaxee already nmetittontd that vision ppooiddes man 
with S9pper cent of his infformatontabout the уй. The 
models of the Universe and microcosmaare, in esssemee, 
visual model. That a enceptive moodtl of the world 
emerges iintlthéólblihdr or even llindddeáfaaddhauinbh ово а 
in thee final analysis be put dowm to the огге of those 
with eyes, а ffasiiratüpepryrüblenvhehesksdiscsussiomytay be 
а бес! of asegpaazatód»sdok. Vision cexerts its axttiveirin- 
fluence on speech and understandigg of speech aand on 
thinking. And soan understantingg of the strutture of the 
braim and its workümgs showldcoome throughsistdidies of 
how ppegptes speak, hear and see: how ttlegysseewbdtat they 
see. “The things with which we concenn ourselves in 
science appear in mmyyiaakfcionms, and уйа anubtültidade of 
attributes... . Curiosity ddemadsds that we askk questions, 
that we ttyytápuput things together and try ttoummeterstaind 
this multitude of aspects aasppenhapsesastiltenfgofnoime the ac- 
tion of a diaivetiyssmill number of elemental things and 
forces acting iinaaünínfiniterwetyety of combünziions:" 

These wards of the Бапооыѕ Americam pblyysicist Richard 
Feynman imilthbebest way pexsstblecoonevyhthunaugargné of 
scientific ressearth. It is with these wartis that I would Кее 
to ccomtlddenmy story-nenecessüply incomplete-elabaut the 
physicllagy of vision, whose prssiggeaamog р thehelisdiptipli- 
nes iiseever growing reemuridipgroane of the зшааюов Ми 
nuclear physics пиве 1940-505. 
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SCIENCE 
FOREVERYONE 


Pattern recognition and freaks of fashions, the 
perception of color and the structure of the visual tract, 
optical illusions and shaping of the mental model of the 
world are some of the topics discussed in this 
fascinating and enlightening account of the extremely 
important frontiers of neurophysiology, апа 
psychology, cybernectics and medicine. The author (a 
journalist and an engineer) visited many laboratories 
even participated in many experiments — that is why he 
is so successful in conveying the atmosphere of 
scientific search and adventure. The book will appeal to 
the general reader and non-specialist researcher. 


